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PREFACE TO THE 13th EDITION 

T he ambitious plans of the Guide Publication Committee, embodying 
several innovations to extend the usefulness of this reference volume, 
have been incorporated in this 13th annual edition of The American 
Society of Heating and Ventilating Engineers Guide. The process 
of reviewing, revising and reconstructing the Technical Data Section and 
then coordinating the complex subject matter of the 41 chapters has 
engaged the attention of over 200 members so that The A.S.H.V.E. 
Guide 1935 will appeal to an increasing number of readers and give them 
comprehensive data that are authoritative and practical. 

'Basic and fundamental data have been retained from previous editions 
and in those divisions where changes in practice have been observed 
modifications have been made in the text to bring the material up-to-date. 
The text of The Guide 1935 now comprises two major divisions: the 
subject matter of chapters and a supplementary section of the problems 
and answers. These problems and their solutions presented as an appen- 
dix to each chapter represent the interpretation of the text by a com- 
petent engineer whose analysis has been carefully reviewed by the Guide 
Publication Committee. It should be understood, however, that for 
certain general questions, more than one answer can be made so that the 
addition of these questions which represent problems in practice greatly 
broadens the scope of The Guide and generally enhances its usefulness. 
As developments in the manufacturing field have produced new appa- 
ratus and new applications of equipment for automatic heat and air 
conditioning to improve comfort, those chapters of The Guide which 
discuss such equipment as controls, air washers, unit conditioners, oil 
burners, stokers, etc., have been reviewed by representative committees 
of engineers from manufacturers’ associations so that the latest develop- 
ments in their respective fields could be included. 

The original conception of The Guide outlined by its founders has 
been carefully safeguarded and the aim of the Guide Publication Com- 
mittee is to have The Guide 1935 maintain its leadership, and continue 
in its role, as the recognized authority in the fields of heating, ventilating 
and air conditioning. Thousands of engineers, architects, contractors 
and students have come under the influence of The Guide since its first 
appearance in 1922 and they have found the data authoritative for their 
work in design, specification writing, installation or operation of appa- 
ratus and systems. 

The Catalog Data of manufacturers is nearly 40 per cent greater in 
this current edition indicating that The Guide is also recognized as an 
effective advertising medium for promoting the use of modern equipment. 

The Guide 1935 contains 150 pages more than the preceding volume 
and the Guide Publication Committee release this 13th edition of 
10,000 copies, as a major contribution by the Society toward the general 
advancement of the engineering profession and its allied industries in the 
field of heating, ventilating and air conditioning. 

GUIDE PUBLICATION COMMITTEE 

W. L. Fleisher, Chairman 

John Howatt E. N. McDonnell 

G. L. Larson W. M. Sawdon 

S. R. Lewis J. H. Walker 
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CODE of ETHICS for ENGINEERS 

E ngineering work has become an increasingly important factor 
in the progress of civilization and in the welfare of the community. 
The engineering profession is held responsible for the planning, construc- 
tion and operation of such work and is entitled to the position and 
authority which will enable it to discharge this responsibility and to 
render effective service to humanity. 

That the dignity of their chosen profession may be maintained, it is 
the duty of all engineers to conduct themselves according to the principles 
of the following Code of Ethics : 


1 — The engineer will carry on his professional work in a spirit of fairness 
to employees and contractors, fidelity to clients and employers, loyalty 
to his country and devotion to high ideals of courtesy and personal 
honor. 

2 — He will refrain from associating himself with or allowing the use of his 
name by an enterprise of questionable character. 

3 — ^He will advertise only in a dignified manner, being careful to avoid 
misleading statements. 

4 — He will regard as confidential any information obtained by him as to 
the business affairs and technical methods or processes of a client or 
employer. 

5 — ^He will inform a client or employer of any business connections, interests 
or affiliations which might influence his judgment or impair the 
disinterested quality of his services. 

6 — ^He will refrain from using any improper or questionable methods of 
soliciting professional work and will decline to pay or to accept com- 
missions for securing such work. 

7 — He will accept compensation, financial or otherwise, for a particular 
service, from one source only, except with the full knowledge and 
consent of all interested parties. 

8 — ^He will not use unfair means to win professional advancement or to 
injure the chances of another engineer to secure and hold employment. 

9 — ^He will cooperate in upbuilding the engineering profession by exchang- 
ing general information and experience with his fellow engineers and 
students of engineering and also by contributing to work of engineering 
societies, schools of applied science and the technical press. 

10 — ^He will interest himself in the public welfare in behalf of which he will 
be ready to apply his special knowledge, skill and training for the use 
and benefit of mankind. 


VI 



Chapter 1 


FUNDAMENTA1.S OF HEATING AND 
AIR CONDITIONING 


Dalton^s Latc^ Dry- and W'et-Bulb Temperatures, Properties of 
Air, Humidity, Relative Humidity, Specific Humidity, Relation, 
of Dew Point to Relative Humidity, Adiabatic Saturation of Air, 
Total Heat and Heat Content, Enthalpy, Psychrometric Chart, 
Properties of Steam, Properties of Water, Rate of Evaporation 


A ir conditioning has for its objective the supplying and maintaining, 
in a room or other enclosure, of an atmosphere having a composition, 
temperature, humidity, and motion which will produce desired effects 
upon the occupants of the room or upon materials stored or handled in it. 

Dry air is a mechanical mixture of gases composed, in percentage of 
volume, as follows^: nitrogen 78.03, oxygen 20.99, argon 0.94, carbon 
dioxide 0.03, and small amounts of hydrogen and other gases. 

Atmospheric air at sea level is given in percentage by volume as: Ns 
77.08, O 2 20.75, water vapor 1.2, A 0.93, CO 2 0.03 and Hp 0.01. The 
amount of water vapor varies greatly under different conditions and is 
frequently one of the most important constituents since it affects bodily 
comfort and greatly affects all kinds of hygroscopic materials, 

LAW OF PARTIAL PRESSURES 

A mixture of dry gases and water vapor, such as atmospheric air, obeys 
Dalton’s Law of Partial Pressures: each gas or vapor in a mixture, at a 
given temperature, contributes to the observed pressure the same amount 
that it would have exerted by itself at the same temperature had no other 
gas or vapor been present. If ^ = the observed pressure of the mixture 
and pi, p 2 i pzy etc. = the pressure of the gases or vapors corresponding to 
the observ^ temperature, then 

p = pi p2 pz, etc. (1) 

DRY- AND WET-BULB TEMPERATURES 

Air is said to be saturated at a given temperature when the water vapor 
mixed with the air is in the dry saturated condition or, what is the equiv- 
alent, when the space occupied by the mixture holds the maximum pos- 
sible weight of water vapor at that temperature. If the water vapor 
mixed with the dry air is superheated, i.e., if its temperature is above the 
temperature of saturation for the actual water vapor partial pressure, the 
air is not saturated. 


^International Critical Tables. 
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The starting point of most applications of thermodynamic principles to 
air-conditioning problems is the experimental determination of the dry- 
bulb and wet-bulb temperatures, and sometimes the barometric pressure. 

The dry-bulb temperature of the air is the temperature indicated by any 
type of thermometer not affected by the water vapor content or relative 
humidity of the air. The wet-bulb temperature is determined by a thermo- 
meter with its bulb encased in a fine mesh fabric bag moistened with clean 
water and whirled through the air until the thermometer assumes a 
steady temperature. This steady temperature is the result of a dynamic 
equilibrium between the rate at which heat is transferred from the air to 
the water on the bulb and the rate at which this heat is utilized in evapor- 
ating moisture from the bulb. The rate at which heat is transferred from 
the air to the water is substantially proportional to the wet-bulb depres- 
sion {t — t^), while the rate of heat utilization in evaporation is propor- 
tional to the difference between the saturation pressure of the water at 
the wet-bulb temperature and the actual partial pressure of the^ water 
vapor in the air (g’ — e). Carrier’s equation for this dynamic equilibrium 
is 

e’ — e 
t - 

In the form commonly used, 

^ = e’ — 

where 

e ~ actual partial pressure of water vapor in the air, inches of mercury. 

e' ~ saturation pressure at wet-bulb temperature, inches of mercury. 

B = barometric pressure, inches of mercury. 

t == dry-bulb temperature, degrees Fahrenheit, 
wet-bulb temperature, degrees Fahrenheit. 

Formula 2b may be used to determine the actual partial pressure of the 
water vapor in a dry air-water vapor mixture. Then, from Dalton’s Law 
of Partial Pressures, Equation 1, it follows that the partial pressure of the 
dry air is (B — e). 

If a mixture of dry air and water vapor, initially unsaturated, be cooled 
at constant pressure, the temperature at which condensation of the water 
vapor begins is called the dew-point temperature. Clearly the dew-point 
is the saturation temperature corresponding to the actual partial pressure, 
e, of the water vapor in the mixture. 

PROPERTIES OF AIR 

Density is variously defined as the mass per unit of volume, the weight 
per unit of volume, or the ratio of the mass, or weight, of a given volume 
of a substance to the mass, or weight, of an equal volume of some other 
substance such as water or air under standard conditions of temperature 
and pressure. The term specific gravity is more commonly used to express 
the latter relation but, when the gram is taken as the unit of mass and the 
cubic centimeter as the unit of volume, density and specific gravity have 


B - 


2800 - 1 . 3 ^' 


{B - e^) it - t^) 
2800 - 1 . 3 ^' 


(2a) 


(2b) 
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the same meaning. The term specific density is sometimes used to dis- 
tinguish the weight in pounds per cubic foot; and as here used, density is 
the weight in pounds of one cubic foot of a substance. 

The density of air decreases with increase in temperature when under 
constant pressure. The density of dry air at 70 F and under standard 
atmospheric pressure (29.92 in. of Hg) is approximately 0.075 lb (see 
Table 1), while that of a mixture of air and saturated water vapor at the 
same temperature and barometric pressure is only about 0.0743 Ib. In 
the mixture the density of the dry air is 0.0731 and that of the vapor is 
0.00115 lb (see Table 2). 

In order to make comparisons of air volumes or velocities it is necessary 
to reduce the observations to a common pressure and temperature basis. 
The basic pressure is usually taken as 29.92 in. of Hg, but no basic tem- 
perature is universally recognized. Common temperatures for this 
purpose are 32 F, 60 F, 68 F, and 70 F. Since 70 F is the most commonly 
specified temperature to which rooms for human occupancy must be 
heated, it is usually understood, when no other temperature is specified, 
that 70 F is the basic temperature for measuring the volume or the 
velocity of air in heating and ventilating work. 

The specific volume of air is the volume in cubic feet occupied by one 
pound of the air. Under constant pressure the specific volume varies 
inversely as the density and directly as the absolute temperature. 

The specific heat of air is the number of Btu required to raise the 
temperature of 1 lb of air 1 F. The specific heat at constant pressure, 
Cp, and that at constant volume, Cv, are different. The specific heat 
at constant pressure is commonly used and it varies, under a pressure 
of one atmosphere, from a minimum at about 32 F from which it increases 
with either increase or decrease of temperature. The value 0.24 is suf- 
ficiently accurate for use at ordinary temperatures, but the values range^ 
from 0.2399 at 32 F to 0.2404 at 212 F, 0.2413 at 392 F, 0.243 at - 108 F, 
and 0.252 at —301 F. 

The mean specific heat of water vapor at constant pressure is taken as 
0.45 for all gener^ engineering computations. 

Table 3 is intended to aid in determining the density of moist air, 
taking into account its temperature, pressure, and moisture content. 

Example 1. To show the use of Table 3: Given air at 83 F dry-bulb and 68 F wet- 
bulb (or a depression of 15 deg) with a barometric pressure of 29.40 in. of mercury. 
What will be the weight of this air in pounds per cubic foot? 

Solution. From Table 3 the weight of saturated air at 80 F and 29.00 in. barometer is 
found to be 0.07034 lb per cubic foot. There is a decrease of 0.00015 lb per de^ee dry- 
bulb temperature above 80 F. There is an increase of 0.00025 lb for each 0.1 in. above 
29.00 in. From the last column of Table 3 it is found that there is an increase of approxi- 
mately 0.000035 lb per d^jee wet-bulb depression when the dry-bulb is 83 F. Tabu- 
lating the items: 

0.07034 = weight of saturated air at 80 F and 29.00 bar. 

— 0.00045 = decrement for 3 deg dry-bulb, 3 X 0.00015. 

+ 0.00100 = increment for 0.4 in. bar., 4 X 0.00025. 

4- 0.00053 = increment for 15 deg wet-bulb depression, 15 X 0.000035. 

0.07142 — weightinpoundspercubicfootof airat 83 F dry-bulb, 68 F wet-bulb, 
29.40 in. bar. 
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Table 1. Properties of Dry Air^ 
Barometric Pressure 29.921 In. 


Temperature 
De3 F 

Weight per Cu Ft 
Pounds 

Per Cent op Volume 
AT 70 F 

Btxj Absorbed bt 
One Cu Ft Dry Air 
per Deg F 

Cu Ft Dry Am 
Warmed One Degree 
PER Btu 

0 

0.08636 

0.8680 

0.02080 

48.08 

10 

0.08453 

0.8867 

0.02039 

49.05 

20 

0.08276 

0.9057 

0.01998 

50.05 

30 

0.08107 

0.9246 

0.01957 

51.10 

40 

0.07945 

0.9434 

0.01919 

52.11 

50 

0.07788 

0.9624 

0.01881 

53.17 

60 

0.07640 

0.9811 

0.01846 

54.18 

70 

0.07495 

1.0000 

0.01812 

55.19 

80 

0.07356 

1.0190 

0.01779 

56.21 

90 

0.07222 

1.0380 

0.01747 

57.25 

100 

0.07093 

1.0570 

0.01716 

58.28 

110 

0.06968 

1.0756 

0.01687 

59.28 

120 

0.06848 

1.0945 

0.01659 

60.28 

130 

0.06732 

1.1133 

0.01631 

61.32 

140 

0.06620 

1.1320 

0.01605 

62.31 

150 

0.06510 

1.1512 

0.01578 

63.37 

160 

0.06406 

1.1700 

0.01554 

64.35 

180 

0.06205 

1.2080 

0.01506 

66.40 

200 

0.06018 

1.2455 

0.01462 

68.41 

220 

0.05840 

1,2833 

0.01419 

70.48 

240 

0.05673 

1.3212 

0.01380 

72.46 

260 

0.05516 

1.3590 

0.01343 

74.46 

280 

0.05367 

1.3967 

0.01308 

76.46 

300 

0.05225 

1.4345 

0.01274 

78.50 

350 

0.04903 

1.5288 

0.01197 

83.55 

400 

0.04618 

1.6230 

0.01130 

88.50 

450 

0.04368 

1.7177 

0.01070 

93.46 

500 

0.04138 

1.8113 

0.01018 

98.24 

550 

0.03932 

1.9060 

0.00967 

103.42 

600 

0.03746 

2.0010 

0.00923 

108.35 

700 

0.03423 

2.1900 

0.00847 

118.07 

800 

0.03151 

2.3785 

0.00782 

127.88 

900 

0.02920 

2.5670 

0.00728 

137.37 

1000 

0.02720 

2.7560 

0.00680 

147.07 


aFrom Fan Engineering, 
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It is usual to assume that dry air, moist air, and the water vapor in the 
air follow the laws of perfect gases. This assumption while not absolutely 
true, especially with saturated vapor at temperatures much above 140 F, 


Table 2. Properties of Saturated Air^ 

Weights of Air, Vapor of Water, and Saturated Mixture of Air and Vapor at 29.921 Inches of Mercury 


Temp. 

Deu F 

Weight in a Cubic Foot op Mixtube 

Btu AjBSOBBED bt 

One Cubic Foot 
Sat. Am pee 
Deg F 

Cubic Feet Sat, 
Am Waemed One 
Deqeee pee 
Btu 

Specific 
Heat Btu 
pee Pound 
OP Mixtuki 

Weight op 
Dby Am 
Pounds 

Weight op 
Vapoe 
Pounds 

Total Weight op 

THE MrXTCEE 

Pounds 

0 

0.08625 

0.000068 

0.08632 

0.02083 

48.02 

0.2413 

10 

0.08433 

0.000110 

0.08444 

0.02039 

49.05 

0.2415 

20 

0.08246 

0.000176 

0.08264 

0.01998 

50.07 

0.2418 

30 

0.08062 

0.000277 

0.08090 

0.01958 

51.07 

0.2420 

40 

0.07878 

0.000409 

0.07919 

0.01921 

52.06 

0.2426 

50 

0.07694 

0.000587 

0.07753 

0.01885 

53.05 

0.2431 

60 

0.07506 

0.000828 

0.07589 

0.01851 

54.02 

0.2439 

70 

0.07310 

0.001151 

, 0.07425 

0.01819 

54.97 

0.2450 

80 

0.07103 

0.001578 

0.07261 

0.01790 

55.87 

0.2465 

90 

0.06879 

0.002134 

0.07092 

0.01762 

56.76 

0.2485 

100 

0.06635 

0.002850 

0.06920 

0.01736 

57.59 

0.2509 

no 

0.06364 

0.003762 

0.06740 

0.01714 

58.35 

0.2543 

120 

0.06060 

0.004914 

0.06551 ! 

0.01695 

59.00 

0.2587 

130 

0.05715 

0.006351 

0.06350 

0.01679 

59.56 

0.2644 

140 

0.05319 

0.008120 

0.06131 

0.01668 

59.96 

0.2721 

150 

0.04864 

0.010295 

0.05894 

0.01662 

60.17 

0.2820 

160 

0.04340 

0.012936 

0.05634 

0.01662 

60.17 

0.2950 

170 

0.03734 

0.016108 

0.05345 

0.01668 

59.96 

0.3121 

180 

0.03035 

0.019896 

0.05025 

0.01684 

59.38 

0.3351 

190 

0.02228 

0.024400 

0.04668 

0.01710 

58.49 

0.3663 

200 

0.01300 

0.029715 

0.04272 

0.01749 

57.18 

0.4094 

210 

0.00230 

0,035938 

0.03824 

0.01802 

55.50 

0.4712 

212 

0.00000 

0.037307 

0.03731 

0.01815 

55.10 

0.4865 


aFroip. Fan Engineering . 


is sufficiently accurate for practical purposes and it greatly simplifies 
computations. 

Boyle's Law refers to the relation between the pressure and volume of a 
gas, and may be stated as follows : With temperature constant, the volume of 
a given weight of gas varies inversely as its absolute pressure. Hence, if 
Pi and P2 represent the initial and final absolute pressures, and Vi and 
F2 represent corresponding volumes of the same mass, say one pound of 
F P 

gas, then -=7 = or Pi Fi = P2 Vt, but since Pi Ft for any given case is 

-tri ^ ^ 

a definite constant quantity, it follows that the product of the absolute 

5 





Table 3. Weights of Saturated and Partly Saturated Air for Various Barometric and Hygrometric CoNDiTioNsa,b 

Pounds per Cubic Foot 
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aFrom Fan Engineering. 

bA convenient and accurate chart for quickly determining the weight of air under any condition of dry-bulb, wet-bulb, and pressure is A Chart for Determining the Weight 
of Moist Air in Pounds per Cubic Foot, by John E. Younger. Published in Mechanical Engineering, June, 1925. 
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pressure and volume of a gas is a constant, or P F = C, when T is kept 
constant. Any change in the pressure and volume of a gas at constant 
temperature is called an isothermal change, 

Charles' Law refers to the relation among pressure, volume, and tem- 
perature of a gas and may be stated as follows: The volume of a given 
weight of gas varies directly as the absolute temperature at constant pressure, 
and the pressure varies directly as the absolute temperature at constant 
volume. Hence, when heat is added at constant volume, Fc, the resulting 


P T 

equation is ~ = ■—, or, for the same temperature range at constant pres- 
Jri h 


F2 

sure, Pc, the relation is — = 
Vl 


h 

Tf 


In general, for any weight of gas, W, since volume is proportional to 
weight, the relation among P, F, and T is 


where 


PV = WRT 


(3) 


P = the absolute pressure of the gas, pounds per square foot. 

V = the volume of the weight W, cubic feet. 

W = the weight of the gas, pounds. 

P = a constant depending on the nature of the gas. The average value of R for air 
is 53.34. 

T — the absolute temperature, degrees Fahrenheit. 

This is the characteristic equation for a perfect gas, and while no gases 
are perfect in this sense, they conform so nearly that Equation 3 will 
apply to most engineering computations. 


HUMIDITY 

Humidity is the water vapor mixed with dry air in the atmosphere. 
Absolute humidity has a multiplicity of meanings, but usually the term 
refers to the weight of water vapor per unit volume of space occupied, 
expressed in grains or pounds per cubic foot. With this meaning, absolute 
humidity is nothing but the actual density of the water vapor in the 
mixture and might better be so called. A study of Keenan’s Steam 
Tables^ indicates that water vapor, either saturated or super-heated, at 
partial pressures lower than 4 in. of mercury may be treated as a gas with 
a gas constant R of 1.21 in the characteristic equation of the gas pV = 
wR (t + 460). Within such limits, the density (3) of water vapor is 

^ “F "" 1.21 (/+ 46^ (pounds per cubic foot) (4a) 

= (grains per cubic foot) (4b) 

where 

e = actual partial pressure of vapor, inches of mercury. 
t — dry-bulb temperature, degrees Fahrenheit. 


*Piiblis]ied by American Society of Mechanical Engineers, see abstract in Table 7. 
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Specific Humidity 

It simplifies many problems which deal with mixtures of dry air and 
water vapor to express the weight or the mass of the vapor in terms of the 
weight or the mass of dry air. If the weight of the water vapor in a 
mixture be divided by the weight of the dry air, and the weight of dry air 
be made unity, we have an expression of the weight of water vapor carried 
by a unit weight of dry air. This relation has no generally accepted name. 
It has been variously called: mixing ratio, proportionate humidity, mass 
or density ratio, absolute humidity, and specific humidity. Of all these 
terms specific humidity is the most suggestive of the meaning which it is 
desired to express and it has found considerable use in this sense even 
though it is defined in International Critical Tables as the ratio of the 
mass of vapor to the total mass. It will be understood here that specific 
humidity refers to the weight of water vapor in pounds carried by one 
pound of dry air. 

The gas constant for dry air, when the partial pressure of the air is 
expressed in inches of Hg, is 0.753; so that the specific humidity, if 
represented by W, is 


e 

B-e 


1.21 (i + 460) ■ 

0.753 (/ + 460) 


-““(A) 

(pounds) 

(5a) 


(grains) 

(5b) 


where 

e = actual partial pressure of vapor, inches of mercury. 

B = total pressure of mixture (barometric pressure), inches of mercury. 

Relative Humidity 

Relative humidity (<&) is either the ratio of the actual partial pressure, 
of the water vapor in the air to the saturation pressure, et, at the dry- 
bulb temperature, or the ratio of the actual density, S, of the vapor to 
the density of saturated vapor, Ity at the dry-bulb temperature. That is: 



The relative humidity of a given mixture at afgiven temperature is not 
the same as the specific humidity, TT, of the mixture divided by the 
specific humidity, Wu of saturated vapor at the same temperature, for 
from Equations 5a and 6 

The specific humidity of an unsaturated air-vapor mixture cannot, 
therefore, be accurately found by multiplying the specific humidity of 
saturated vapor by its relative humidity; aldiough the error is usually 
small especially when the. relative humidity is high. 

With a relative humidity of 100 per cent, the dry-bulb, wet-bulb, and 
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dew-point temperatures are equal. With a relative humidity less than 
100 per cent, the dry-bulb exceeds the wet-bulb, and the wet-bulb exceeds 
the dew-point temperature. 

RELATION OF DEW POINT TO RELATIVE. HUMIDITY 

A peculiar relationship exists between the dew point and the relative 
humidity and this is found most useful in air conditioning work. This 
relationship is, that for a fixed relative humidity there is substantially a 
constant difference between the dew point and the dry-bulb temperature 
over a considerable temperature range. Table 4, giving the dry-bulb and 
dew-point temperatures and the dew-point differentials for 50 per cent 
relative humidity, illustrates this relationship clearly. 


Table 4. Dry-Bulb and Dew-Point Temperatures for 
50 Per Cent Relative Humidity 


Dry-bulb temperature 65.0 

70.0 

75.0 

80.0 

85.0 

90.0 

Dew-point temperature.^ 45.8 

50.5 

55.25 

59.75 

64.25 

68.75 

Difference between dew-point and dry- 






bulb temperature 19.2 

19.5 

19.75 

20.25 

20.75 

21.25 


It will be seen from an inspection of this table that the difference 
between the dew-point temperature and the room temperature is approxi- 
mately 20 deg throughout this range of dry-bulb temperatures or, to 
be more exact, the differential increases only 10 per cent for a range of 
practically 25 deg. 

This principle holds true for other humidities and is due to the fact 
that the pressure of the water vapor practically doubles for .every 20 deg 
through this range. 

The approximate relative humidity for any difference between dew- 
point and dry-bulb temperature may be expressed in per cent as: 

100 

(8) 

2 20 

where 

' tx = dew-point temperature. 

This principle is very useful in determining the available cooling effect 
obtainable with saturated air when a desired relative humidity is to be 
maintained in a room, even though there may be a wide variation in room 
temperature. This problem is one which applies to certain industrial con- 
ditions, such as those in cotton mills and tobacco factories, where re- 
latively high humidities are carried and where one of the principal prob- 
lems is to remove the heat generated by the machinery. It also permits 
the use of a differential thermostat, responsive to both the room tempera- 
ture and the dew-point temperature, to control the relative humidity 
in the room. 

Table 5 gives, for different temperatures, the -density of saturated vapor, 
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* Based on Properties of Steam and Ammonia ^ by the late G. A. Goodenough. 
a Below 32 F the pressure of saturated vapor in contact with ice is given. 
jValues in this column do not include the heat of the liquid. 
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bValuea in this column do not include the heat of the liquid. 
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3t, the weight of saturated vapor mixed with 1 lb of dry air, Wt, (at a 
relative humidity of 100 per cent and a barometric pressure, of 29.92 in. 
of mercury) , the specific volume of dry air, and the volume of an air- vapor 
mixture containing 1 lb of dry air (at a relative humidity of 100 per cent 
and a pressure of 29.92 in. of mercury). The preceding equations or the 
data from Table 5 may be conveniently used in solving the following 
typical problems: (See Table 6 for temperatures below OF.) 

Example 2. Humidifying and Heating, Air is to be maintained at 70 F with a relative 
humidity of 40 per cent (<l> — 0.4) when the outside air is at 0 F and 70 per cent 
relative humidity — 0.7) and a barometric pressure, B, of 29.92 in. of mercury. Find 
the weight of water vapor added to each pound of dry air and the dew-point temperature 
of the humidified air. 

Solution, From Equation 5a and Table 5, 

Wi = 0.622 ^ 2^2^^^2^ y ) ” 9.000547 lb per pound of dry air. 

TT, = 0.622 ( 2°d^92^-S5 ' ) “ ^ 

The water vapor added per pound of dry air must be {W 2 — Wi) or 0.005633 lb. By 
inspection of Table 5, Wt = 0.00618 at 44.5 F, so this is the dew-point temperature of 
the humidified air. 

An approximation of the same result from Table 5 is 

Wi — 0.7 X 0.000781 — 0.000547 lb per pound of dry air. 

W 2 = 0.4 X 0.01578 = 0.006312 lb per pound of dry air. 

The water vapor added per pound of dry air is approximately 0.005765 lb and the 
dew-point temperature is approximately 45 F. The degree of approximation is evident. 

Example S. Dekumidifying and Cooling, Air with a dry-bulb temperature of 84 F, 
a wet-bulb of 70 F, or a relative humidity of 50 per cent (<l> 0.5), and a barometric 

pressure, B, of 29.92 in. of mercury is to be cooled to 54 F. Find the dew-point tem- 
perature of the entering air and the weight of vapor condensed per pound of dry air. 

Solution, From Equation 5a and Table 5, 

Wi = 0.622 Q 9 92 ^.,^ 0 587 ) ~ 9-01245 lb per pound of dry air. 

W 2 = 0.622 “ 9.00887 lb per pound of dry air. 

Since Wi = Wt when t = 63.3 F, this is the dew-point temperature of the entering air. 
The weight of vapor condensed is (TFi — or 0.00358 lb per pound of dry air. 

An approximate result is 

Wi — 0.5 X 0.02547 = 0.01274 lb per pound of dry air. 

W 2 = ly, 0.00887 = 0.00887 lb per pound of dry air, since the exit air is saturated. 

Since TFi = PFt at ^ = 64 F, this is the dew-point temperature of the entering air. 
The weight of vapor condensed is 0.00387 lb per pound of dry air. The degree of approxi- 
mation is again evident. 

ADIABATIC SATURATION OF AIR 

The process of adiabatic saturation of air is of considerable importance 
in air conditioning. Suppose that 1 lb of dry air, initially unsaturated but 
carrying W lb of water vapor with a dry-bulb temperature, t, and a wet- 
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bulb temperature, t\ be made to pass through a tunnel containing an 
exposed water surface. Further assume the tunnel to be completely in- 
sulated, thermally, so that the only heat transfer possible is that between 
the air and water. As the air passes over the water surface, it will gradu- 
ally pick up water vapor and will approach saturation at the initial wet- 
bulb temperature of the air^ if the water be supplied at this wet-bulb tem- 
perature. During the process of adiabatic saturation, then, the dry-bulb 
temperature of the air drops to the wet-bulb temperature as a limit, the 
wet-bulb temperature remains substantially constant, and the weight of 
water vapor associated with each pound of dry air increases to Wv, as a 
limit, where Wv is the weight of saturated vapor per pound of dry air for 
saturation at the wet-bulb temperature. 

Example 4^ If air with a dry-bulb of 85 F and a wet-bulb of 70 F be saturated adia- 
batically by spraying with recirculated water, what will be the final temperature and the 
vapor content of the air? 

Solution. The final temperature will be equal to the initial wet-bulb temperature or 
70 F, and since the air is saturated at this temperature, from Table 5, W = 0.01578 lb 
per pound of dry air. 

In the adiabatic saturation process, since the heat given up by the dry 
air and associated vapor in cooling to the wet-bulb temperature is utilized 
in evaporation of water at the wet-bulb temperature, W. H. Carrier has 
pointed out® that the equation for the process of adiabatic saturation y and 
hence for a process of constant wet-bulb temperaturCy is: 

Viz (IFti -W) i') + ^Psl^ a ~ i') (9a) 

and using ~ 0.24 and == 0.45 

Viz (Wv - TT) = (0.24 + 0.45W) (t - t^) (9b) 

where 

Viz — latent heat of vaporization at i*, Btu per pound. 

(Wv — W) = increase in vapor associated with 1 lb of dry air when it is saturated 
adiabatically from an initial dry-bulb temperature, t, and an initial vapor content, W, 
pounds. 

Knowing any two of the three primary variables, t, t\ or PF, the third 
may be found from this equation for any process of adiabatic saturation. 

TOTAL HEAT AND HEAT CONTENT 

The total heat of a mixture of dry air and water vapor was originally 
defined by W. H. Carrier as 

■Z ^ cp^(t -- 0) ^ W [Viz + cp3 (t - t')] (10) 

where 

2 = total heat of the mixture, Btu per pound of dry air. 

Cp^ = mean specific heat at constant pressure of dry air. 

Cpg = mean specific heat at constant pressure of water vapor, 
t = dry-bulb temperature, d^ees Fahrenheit. 

& = wet-bulb temperature, degrees Fahrenheit. 


^A.S.M.E. Transactions, Vol. 33, 1911, p. 1005. 
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Table 6. Properties of Saturated Water Vapor at Low Temperatures^ 
Barometer, 29.92 Inches of. Mercury 


Tempera- 

tube 

F 

Vapor 

Pressure 

In. 

Eg X 10-5 

Weight op 
Saturated 
Vapor 

PER Lb 

Dry Air 

X 10^ 

Btu pee Lb 
OF Vapor 
(32 F 
Datum) 

-130 

0.276 

0.005738 

1000.7 

-129 

.306 

.006362 

1001.2 

-128 

.338 

.007027 

1001.6 

-127 

.373 

.007755 

1002.1 

-126 

.411 

.008545 

1002.5 

-125 

.455 

.009459 

1003.0 

-124 

.499 

.01037 

1003.4 

-123 

.542 

.01127 

1003.9 

-122 

‘ .604 

.01256 

1004.3 

-121 

.669 

.01391 

1004.8 

-120 

.735 

.01528 

1005.2 

-119 

.805 

.01674 

1005.7 

-118 

.892 

.01854 

1006.1 

-117 

.989 

.02056 

1006.6 

-116 

1.098 

.02283 

1007.0 

-115 

1.208 

.02511 

1007.5 

-114 

1.317 

.02738 

1007.9 

-113 

1.444 

.03002 

1008.4 

-112 

1.575 

.03274 

1008.8 

-111 

1.728 

.03593 

1009.3 

-110 

1.889 

.03927 

1009.7 

-109 

2.087 

.04339 

1010.2 

-108 

2.292 

.04765 

1010.6 

-107 

2.511 

.05220 

1011.1 

-106 

2.742 

.05701 

1011.5 

-105 

2.983 

.06202 

1012.0 

-104 

3.258 

.06773 

1012.4 

-103 

3.543 

.07366 

1012.9 

-102 

’ 3.872 

.08050 

1013.3 

-101 

4.213 

.08759 

1013.8 

-100 

4.607 

.09578 

1014.2 

-99 

5.018 

.1043 

1014.7 

-98 

5.455 

.1134 

1015.1 

-97 

5.946 

.1236 

1015.6 

-96 

6.470 

.1345 

1016.0 

-95 

7.047 

.1465 

1016.5 

-94 

7.638 

.1588 

1016.9 

-93 

8.316 

.1729 

1017.4 

-92 

9.017 

.1875 

1017.8 

' -91 

9.806 

.2039 

1018.3 

-90 

10.64 

.2212 

1018.7 

-89 

11.53 

.2397 

1019.2 

-88 

12.51 

.2601 

1019.6 

-87 

13.53 

.2813 

1020.1 

-86 

14.69 

.3054 

1020.5 


Tempera- 

ture 

F 

Vapor 

Pressure 

In. 

HqX 1 (P 

Weight op 
Saturated 
Vapor 

PER Lb 

Dry Am 

X 10-6 

Btu per Lb 
op Vapor 
(32 F 
Datum) 

-85 

15.87 

0.3299 

1021.0 

-84 

17.20 

> .3576 

• 1021. 4 

-83 

18.58 

.3863 

1021.9 

-82 

20.10 

.4179 

1022.3 

-81 

21.72 

.4516 

1022.8 

- 80 - 

23.47 

.4879 

1023.2 

-79 

25.34 

.5268 

1023.7 

-78 

27.29 

.5674 

1024.1 

-77 

29.52 

- .6137 

1024.6 

-76 

31.81 

.6613 

1025.0 

-75 

34.37 

.7146 

1025.5 

-74 

37.01 

.7694 

1025.9 

-73 

39.96 

.8308 

1026.4 

-72 

43.04 

.8948 

1026.8 

-71 

46.33 

.9632 

1027.3 

-70 

49.87 

1 1.037 

1027.7 

-69 

53.59 

1.114 

1028.2 

-68 

57.65 

1.199 

1028.6 

-67 

61.81 

1.285 

1029.1 

-66 

66.41 

1.381 

1029.5 

-65 

71.17 

1.480 

1030.0 

-64 

76.64 

1.593 

1030.4 

-63 

82.28 

1.711 

1030.9 

-62 

88.19 

• 1.833 

1031.3 

-61 

94.62 

1.967 

1031.8 

-60 

101.4 

2.108 

1032.2 ' 

-59 

108.8 

2.262 

1032.7 

-58 

116.3 

2.418 

1033.1 

-57 

124.8 

2.595 

1033.6 

-56 

133.4 

2.773 

1034.0 

-55 

143.0 

2.973 

1034.5 

-54 

153.0 

3.181 

1034.9 

-53 

163.5 

3.399 

1035.4 

-52 

174.9 

3.636 

1035.8 

-51 

187.0 

3.888 

1036.3 

-50 

199.9 

4.156 

1036.7 

-49 

213.0 

4.428 

1037.2 

-48 

227.9 

4.738 

1037.6 

-47 

243.1 

5.054 

1038.1 

-46 

259.5 

5.395 

1038.5 

-45 

276.7 

5.753 

1039.0 

-44 

295.0 

6.133 

1039.4 

-43 

314.7 

6.543 

1039.9 

-42 

335.3 

6.971 

1040.3 

-41 

357.6 

7.435 

1040.8 


* « Vapor pressures converted from International Critical Tables. 
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Table 6. Properties of Saturated Water Vapor at Low Temperatures^ (Con’d.) 
Barometeir^ 29.92 Inches of Mercury 


EilPEBA- 

TURE 

F 

Vapoe 

Peesstjhe 

In. 

Hg X 10-5 

Weight of 
Satithated 
Vapor 

PER Lb 

Drt Air 

X 10-5 

Bm PEE Lb 
OP Vapor 
(32 F 
Datum) 

-40 

380.3 

7.907 

1041.2 

-39 

405.5 

8.431 

1041.7 

-38 

431.2 

8.965 

1042.1 

-37 

459.2 

9.548 

1042.6 

-36 

488.4 

10.16 

1043.0 

—35 

519.5 

10.80 

1043.5 

-34 

552.4 

11.49 

1043.9 

-33 

586.5 

12.20 

1044.4 

-32 

623.7 

12.97 

1044.8 

-31 

661.8 

13.76 

1045.3 

-30 

701.0 

14.58 

1045.7 

-29 

742.2 

15.43 

1046.2 

-28 

791.2 

16,45 

1046.6 

-27 

841.0 

17.49 

1047.1 

-26 

892.1 

18.55 

1047.5 

-25 

946.4 

19.68 

1048.0 

-24 

1003. 

20.86 

1048.4 

-23 

1064. 

22.13 

1048.9 

-22 

1126. 

23.42 

1049.3 

-21 

1192. 

24.79 

1049.8 


Tempera- 

ture 

F 

Vapor 

Pressure 

In. 

Eg X 10-5 

Weight op 
Saturated 
Vapor 

PER Lb 

Dry Air 

X 10-5 

Btu per Lb 
OP Vapor 
(32 F 
Datum) 

-20 

1262.0 

26.25 

1050.2 

-19 

1337. 

27.81 

1050.7 

-18 

1416. 

29.45 

1051.1 

-17 

1496. 

31.12 

1051.6 

-16 

1584. 

32.95 

1052.0 

-15 

1675. 

34.84 

1052.5 

-14 

1772. 

36.86 

1052.9 

-13 

1874. 

38.98 

1053.4 

-12 

1980. 

41.19 ' 

1053.8 

-11 

2093. 

43.54 

1054.3 

-10 

2210. 

45.98 

1054.7 

-9 

2335. 

48.58 

1055.2 

-8 

2463. 

51.25 

1055.6 

-7 

2502. 

1 52.06 

1056.1 

-6 

2745. 

57.12 

1056.5 

-5 

2898. 

60.30 

1057.0 

-4 

3055. 

63.57 

1057.4 

-3 

3222. 

67.05 

1057.9 

-2 

3397. 

70,69 

1058.3 

-1 

3580. 

1 74.50 

1058.8 

0 

3773. 

78.52 

1059.2 


a Vapor pressures converted from International Critical Tables. 


W = wdght of water vapor mixed with each pound of dry air, pounds. 

h'fg = latent heat of vaporization at t\ Btu per pound. 

Since this definition holds for any mixture of dry air and water vapor, 
the total heat of a mixture with a relative humidity of 100 per cent and at 
a temperature equal to the wet-bulb temperature {t^) is 

S' = (^' - 0) + Wv (11) 

By equating Equation 10 to Equation 11, the equation for the adiabatic 
saturation process, Equation 9a, follows. This demonstrates that the 
adiabatic saturation process at constant wet-bulb temperature is also a 
process of constant total heat. In short, the total heat of a mixture of dry 
air and water vapor is the same for any two states of the mixture at the 
same wet-bulb temperature. This fact furnishes a convenient means of 
finding the total heat of an air-vapor mixture in any state. 

Example 5. Find the total heat of an air-vapor mixture having a dry-bulb tempera- 
ture of 85 F and a wet-bulb temperature of 70 F. 

Solution, From Table 5, for saturation at the wet-bulb temperature Wt^ = 0.01578, 
and from Equation 11, 

S' = (70 - 0) -b 0.01578 = 16.9 -f- 16.61 = 33.51 
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By considering the temperatures in Table 5 to be wet-bulb readings, the 
total heat of any air- vapor mixture may be obtained from the last column 
in the table. 

Enthalpy 

This total heat of an air-vapor mixture is not exactly equal to the true 
heat content or enthalpy of the mixture since the heat content of the 
liquid is not included in Equation 10. * With the meaning of heat content 
in agreement with present practise in other branches of thermodynamics, 
the true heat content of a mixture of dry air and water vapor (with 0 F 
as the datum for dry air, and the saturated liquid at 32 F as the datum 
for the water vapor) is 

h = (I - 0) i- Whs = 0.24 (l -0) + Whs (12) 

where 

h = the heat content of the mixture, Btu per pound of dry air. 

t — the dry-bulb temperature, degrees Fahrenheit. 

W — the weight of vapor per pound of dry air, pounds. 

hs = the heat content of the vapor in the mixture, Btu per pound. 

The heat content of the water vapor in the mixture may be found in 
steam charts or tables when the dry-bulb temperature and the partial 
pressure of the vapor are known. Or, since the heat content of steam at 
low partial pressures, whether super-heated or saturated, depends only 
upon temperature, the following empirical equation, derived from 
Keenan's Steam Tables, may be used: 

hs = 1059.2 -1- 0.45 t (13) 

Substituting this value of hs in Equation 12, the heat content of the 
mixture is 

^ = 0.24 (/ - 0) -f TF (1059.2 + 0.45 t) (14) 

An energy equation can be written that applies, in general, to various 
air-conditioning processes, and this equation can be used to determine the 
quantity of heat transferred during such processes. In the most general 
form, this equation may be explained with the aid of Fig. 1 as follows: 

The rectangle may represent any apparatus, a drier, humidifier, dehumidifier, 
cooling tower, or the like, by proper choice of the direction of the arrows. 

In general, a mixture of air and water vapor, such as atmospheric air, enters the 
apparatus at 1 and leaves at 3. Water is supplied at some temperature, t 2 . For the flow 
of 1 lb of dry air (with accompanying vapor) through the apparatus, provided there is no 
appreciable change in the elevation or velocity of the fluids and no mechanical energy 
delivered to or by the apparatus, 

m -Wi)h2==hz + Rc 
or 

£h - - As - ^1 - (IF, - Wi) Jh (15) 

where 

Eh — the quantity of heat supplied per pound of dry air, Btu. 

Ec == the quantity of heat lost externally by heat transfer from the ,, apparatus, 
Btu per pound of dry air. 
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Wi = the weight of water vapor entering, per pound of dry air. 

Ws = the weight of water vapor leaving, per pound of dry air. 

Jh. — the heat content of the -water supplied at ^2, Btu per pound. 

hz — hi — the increase in the heat content of the air- water vapor mixture in passing 
through the apparatus, Btu per pound of dry air 
- 0.24 (^3 - k) -f Wz (1059.2 -f 0.45 h) - Wi (1059.2 + 0.45^0 

The net quantity of heat added to or removed from air-water vapor 
mixtures in air conditioning work is frequently approximated by taking 
the differences in total heat at exit and entrance. 

For example, in Fig. 1, an approximate result is 

, .Eh — Rc ~ S3 — Si (10) 

where 


S3 = the total heat of the air- vapor mixture at exit, Btu per pound of dry air. 

Si — the total heat of the air- vapor mixture at entrance, Btu per pound of dry air. 

From the definitions of total heat and heat content, it may be demon- 
strated that Equation 16 is exactly equivalent to Equation 15, when, and 
only when, ^*3 == == fe; i-^-i when the initial and final wet-bulb tempera- 

tures and the temperature of the water supplied are equal. The one pro- 
cess that meets these conditions is adiabatic saturation, and either 
equation will give a result of zero; for other conditions, Equation 16 is 
approximate but satisfactory for many calculations. 

. The following problems illustrate the application of these principles: 

Example 6. Heating (data from Example 2). Assuming the water to be supplied at 
50 F, the net quantity of heat supplied is, from Equation 15, 

0.24 (70 ~ 0) 4- 0.000547 X 0.45 (70 ~ 0) 0.005633 

or 

1059.2 -f 0.45 X 70 — (50 — 32) = 22.87 Btu per pound of dry air. 

Example 7. Cooling (data from Example 3). If the condensate is removed at 54 F 
the quantity of heat removed is found from Ek^uation 15, by proper regard to the arrow 
direction in Fig. 1, 

Sh + i?c = 0.24 (84 ~ 54) -f 0.00887 X 0.45 (84 - 54) -f- 0.00358 

or 

1059.2 4- 0.45 X 84 — (54 — 32) = 11.17 Btu per pound of dry air. 

Using Table 5, the initial total heat of the air-vapor mixture, since the wet-bulb 
temperature is 70 F, is 33.51 Btu per pound of dry air. 

The final total heat is, from Table 5, since the exit air is saturated, 22,45 Btu per 
pound. Hence, u^g Equation 16, the quantity of heat removed is, approximately, 
(33.51 — 22.45) or 11.06 Btu per pound of dry air. The d^ee of approximation to the 
correct result is evident in this example. 

PSYCHROMETRIC CHART" 

The Bulkeley Psychrometiic Chart^, as revised will be found as an 
insert between pages 18 and 19. It shows graphically the relationships 
expressed in Equations 9a and 9b. It also gives the grains of moisture per 


T' , 9 

*See A Review of Psychrometric Charts, C. O. Mackey (Heating <md V entUating^ June, July, 1931' 
•The- Bulkeley P^charometric diart was presented to the Stkiety in 1926. ^ (See A.S-H.V.E. Tr/ 
ACTIONS, Vol. 32, 1926.) Sing le copy of the chart can be furnished at a cost of $ 
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( W ^- Wj ) lb. Water 


Fig, 1- Diagram Illustrating Energy Equation 15 


pound of dry air for saturation, the grains of moisture per cubic foot of 
saturated air, the total heat in Btu per pound of dry air saturated with 
moisture, and the weight of the dry air in pounds per cubic foot. ^ Fig. 2 
shows the procedure to follow in using the Bulkeley Chart. The directrix 
curves above the saturation line are as follows: 

A is the total heat in Btu contained in the mixture above 0 F, and is to be referred 
to the column of figures at the left side of the chart. Heat of the liquid is not included. 

B is the grains of moisture of water vapor contained in each pound of the saturated 
mixture and is to be referred to the figures at the left side of the chart. 

C is the grains of moisture of water vapor per cubic foot of saturated mixture, and is 
to be referred to the figures at the left side of the chart which are to be divided by 10. 

D is the weight in decimal fractions of a pound, of one cubic foot of the saturated 
mixture, and is referred to the first column of figures to the right of the saturation line 
between the vertical dry-bulb temperature lines 170 and 180 F. The relative density of 



AB-C'D-E = Oirectplx Lines Ri^.L.=Relai^vc HumidiN Line 

0, RL.= Dry Bulb Une W.B.L,»Wet Bulb Line 

D.P.L. gPew PoirrMine S.L.'= SeiturerKon Line 

6.RLB.=6rains Moisiure pcrLb-Dry^irSfl+urffted WTXJ:i=11feqh+j)erCaFf.in Lbs.Saturated 

TH.^Tofel Hcflit per Lb.Dg 4ir Soturrrfed R.D.5.*Rel£rtive uensrN perCu.FL.Soturcrted 

V.P.= Vapor Pressure in Mrn.Mercui-y WP.CF.O=ReIcffive Density per Cu.R-.Ory 

RRCF.S rOroins Mo isture per Cu.Ff Soturoted Ar R.0.D.= Relative Density per Cu .Ft.Dry 

e.R C.F.X «e.P.C.F at Partial Saturation 

Abs-Tcmp.atD.B. 

^ P C p X 3 W.P.C.F at Partial Saturation 

AbsJemp.atD.B. 

R.D. X 3 R.D.ot Partial Saturation 

AbsJemp. at D.B. 

Fig. 2, Diagrams Showing Procedure to Follow in Using Bulkeley Chart 
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the mixture is read in a similar manner from the same curve by the column of figures 
between the vertical dry-bulb temperature lines ISO and 190 F. 

E is similar to D but is for dry air, devoid of all moisture or water vapor. For con- 
venience, the approximate absolute temperature of 500 F is given at 40 F on the satura- 
tion line for the purpose of calculating volume, weight per cubic foot, and relative density 
at partial saturation. 


METHOD OF USING THE CHART 

Example 8. Relative Humidity: At the intersection of the 78 F wet-bulb line and the 
95 F dry-bulb line, the relative humidity is read directly on the straight diagonal lines 
as 46 per cent. 

Example 9. Dew Point: At the intersection of the 78 F wet-bulb line, the dew-point 
temperature is read directly on the horizontal temperature lines as 70.9 F. 

Example 10. Vapor Pressure: At the intersection of the 78 F wet-bulb line and the 
95 F dry-bulb line, pass in a horizontal direction to the left of the chart and on the 
logarithmic scale read the vapor pressure as 19.4 millimeters of mercury. (Divide by 
25.4 for inches.) 

Example 11. Total Heat Above 0 F in Mixture per Pou?id of Dry Air Saturated with 
Moisture: From where the wet-bulb line joins the saturation line, pass in a vertical 
direction on the 78 F dry-bulb line to its intersection with curve A and on the logarithmic 
scale at the left of the chart read 40.6 Btu per pound of mixture. The use of this curve 
to obtain the total heat in the mixture at any w^et-bulb temperature is a great con- 
venience, as the number of Btu required to heat the mixture and humidify it, as well as 
the refrigeration required to cool and dehumidify the mixture, can be obtained by 
taking the dijfference in total heat before and after treatment of the mixture. 

Example 12. Grains of Moisture per Pound of Mixture: From 70.9 F dew-point 
temperature on the saturation line, pass vertically to the intersection with curve B and 
on the logarithmic scale at the left read 114 grains of moisture per pound. 

Example 18. Grains of Moisture per Cubic Foot of Mixture, Partially Saturated: From 
70.9 F dew-point temperature on the saturation line proceed in a vertical direction to 
curve C, and on the logarithmic scale to the left read 83.3 which, divided by 10, gives 
8.33 grains. A temperature of 70.9 F is equal to an absolute temperature of 530.9, and 

530.9 

95 F equals 555, absolute temperature. Therefore, X 8.33 = 7.97 grains per 
cubic foot of partially saturated mixture. 

Example 14- Grains of Moisture per Cubic Foot of Dry Air, Saturated: Starting at the 
saturation line at the desired temperature, pass in a vertical direction to curve C and on 
the logarithmic scale at the left, read a number which, divided by 10, will give the 
answer. 

Example 15. Weight per Cubic Foot of Dry Air and Relative Density: From the point 
where, for example, ^e 70 F vertical diy-bulb line intersects curve E, pass to right side 
and read 0.075 lb ; if cubic feet per pound are desired, divide 1 by this amount. The 
relative density is read immediately to the right as 1.00. 

Example 16. Weight per Cubic Foot of Saturated Air and Relative Density: From the 
point where, for example, the 70 F vertical line intersects the curve D, pass to the right 
and read weight per cubic foot as 0.07316 with a relative density of 0.9755 for saturated 
air at 70 F. 

Example 17. Weight per Cubic Foot and Relative Density of Partially Saturated Air: 
Air at 50 F andi a wet-bulb temperature of 46 F is to be heated to 130 F. The wet- and 
dry-bulb lines intersect at a dew-point temperature of 42 F. Pass to the left where this 
dew-point line intersects the saturation line and then pass in a vertical direction to where 
the 42 F dry-bulb line intersects with curve D. Then pass directly to the right and read 
the weight per cubic foot of saturated air at 42 F as 0.07844 and the relative density as 
1.046. The absolute temperature at 42 F is 502, and at 130 F is 590. Therefore, 
502 

ggg = 0.851. The weight of 1 cu ft of air at 50 F dry-bulb and 46 F wet-bulb when 

heated to 130 F is 0.07844 X 0.851 = 0.06675, and the relative density is 1.046 X 0.851 
= 0.89. 


21 


American Society of Heating and Ventilating Engineers Guide, 1935 


PROPERTIES OF STEAM 

Steam is water vapor which exists in the vaporous condition because 
sufficient heat has been added to the water to supply the latent heat of 
evaporation and change the liquid into vapor. This change in state takes 
place at a definite and constant temperature which is determined solely 
by the pressure of the steam. The volume of a pound of steam is the 
specific volume which decreases as the pressure increases. The reciprocal 
of this, or the weight of steam per cubic foot, is the density. (See Table 7.) 

Steam which is in contact with the water from which it was generated is 
known as saturated steam. If it contains no actual water in the form of 
mist or priming, it is called dry saturated steam. If this be heated and the 
pressure maintained the same as when it was vaporized, its temperature 
will increase and it will become superheated, that is, its temperature will 
be higher than that of saturated steam at the same pressure. 

PROPERTIES OF WATER 

Composition of Water. Water is a chemical compound (H 2 O) formed by 
the union of two volumes of hydrogen and one volume of oxygen, or two 
parts by weight of hydrogen and 16 parts by weight of oxygen. 

Density of Water. Water has its greatest density at 39.2 F, and it 
expands when heated or cooled from this temperature. At 62 F a U. S. 
gallon of 231 cu in. of water weighs approximately lb, and a cubic foot 
of water is equal to 7.48 gal. The specific volume of water depends on the 
temperature and it is always the reciprocal of its density. (See Table 8.) 

Water Pressures. Pressures are often stated in feet or inches of water 
column. At 62 F, with h equal to the head in feet, the pressure of a 
column of water is 62.383/^ lb per square foot, or 0.433^ lb per square inch. 
A column of water 2.309 ft (27.71 in.) high exerts a pressure of one pound 
per square inch at 62 F. 

Boiling Point of Water. The boiling point of water varies with the 
pressure; it is lower at higher altitudes. A change in pressure will always 
be accompanied by a change in the boiling point, and there will be a cor- 
responding change in the latent heat of evaporation. These values are 
given in Table 7. 

Specific Heat. The specific heat of water, or the amount of heat (Btu) 
required to raise the temperature of one pound of water one degree Fahren- 
heit, varies with the temperature, but it is commonly assumed to be 
unity at all temperatures. Steam tables are based on exact values, 
however. The specific heat of ice at 32 F is 0.492 Btu per pound. The 
amount of heat required to raise one pound of water at 32 F through a 
known temperature interval depends on the average specific heat for the 
temperature range. 

Sensible and Latent Heat. The heat necessary to raise the temperature 
of one pound of water from 32 F to the boiling point is known as the heat 
of the liquid or sensible heat. When more heat is added, the water begins 
to evaporate and expand at constant temperature until the water is 
entirely changed into steam. The heat thus added is known as the latent 
heat of evaporation. 
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Chapter 1 — Fundamentals of Heating and Air Conditioning 


Table 7. Properties of Saturated Steam: Pressure Tabled 


specific Volume Total Heat Entropy 


Ab«. Pres*. Temp. 
Lb./Sq. In. Deg. F. 

Sat. 

Liquid 

Evap. 

Sat. 

Vapor 

Sat. 

Liquid 

Evap. 

Sat. 

Vapor 

Sat. 

Liquid 

Evap. 

Sat. Ab*. Pre**- 
Vapor Lb./Sq. In. 

P 

t 

Vf 

Vfg 

Vg 

hf 

hfg 

hg 

Sf 

Sfg 

Sg 

P 


58.83 

0.01603 1256.9 1256.9 

26.88 

1058.8 

1085,7 

0.0533 

2.0422 

2.0955 

V2'^Hg 

3 / 4 " Hg 

70.44 

0.01605 

856.5 

856.5 

38.47 

1052.5 

1091.0 

0.0754 

1.9856 

2.0609 

3 / 4 " Hg 

U'Hg 

79.06 

0.01607 

652.7 

652.7 

47.06 

1047.8 

1094.9 

0.0914 

1.9451 

2.0365 

rHg 

11 / 2 " Hg 

91.75 

0.01610 

4453 

4453 

59-72 

1040.8 

1100.6 

0.1147 

1.8877 

2.0024 

IVa'Hg 

2"Hg 

101.17 

0.01613 

339.5 

339.5 

69.10 

1035.7 

1104.8 

0.1316 

1.8468 

1.9784 

2''Hg 

21 / 2 " Hg 
3" Hg 

108.73 

0.01616 

275.2 

275.2 

76.63 

1031.5 

1108.1 

0.1450 

1.8148 

1.9598 

2V2''Hg 

115.08 

0.01618 

231.8 

231.8 

82.96 

1027.9 

1110.8 

0.1561 

1.7885 

1.9446 

3"Hg 

1.0 

101.76 

0.01614 

333.8 

333.9 

69.69 

10353 

1105.0 

0.1326 

1.8442 

1.9769 

1.0 

2.0 

126.10 

0.01623 

173.94 

173.96 

93.97 

1021.6 

1115.6 

0.1750 

1.7442 

1.9192 

2.0 

3.0 

141.49 

0.01630 

118,84 

118.86 

10933 

1012.7 

1122.0 

0.2009 

1.6847 

1.8856 

3.0 

4.0 

152.99 

0.01636 

90.72 

90,74 

120.83 

1005.9 

1126.8 

0.2198 

1.6420 

1.8618 

4.0 

5.0 

162.25 

0.01641 

73.59 

73.61 

130.10 

1000-4 

1130.6 

0.2348 

1.6088 

1.8435 

5.0 

6.0 

170.07 

0.01645 

62.03 

62.05 

137.92 

995.8 

1133.7 

0.2473 

1.5814 

1.8287 

6.0 

7.0 

176.85 

0.01649 

53.68 

53.70 

144.71 

991.7 

1136.4 

0.2580 

1.5582 

1.8162 

7.0 

8.0 

182.87 

0.01652 

4738 

4739 

150.75 

988.1 

1138.9 

0.2674 

1.5379 

1.8053 

8.0 

9.0 

188.28 

0.01656 

42.42 

42.44 

156.19 

984.8 

1141.0 

0.2758 

1.5200 

1.7958 

9.0 

10.0 

193.21 

0.01658 

38.44 

38.45 

161.13 

981.8 

1143.0 

03834 

1.5040 

1.7874 

10.0 

11.0 

197.75 

0.01661 

35.15 

35.17 

165.68 

979.1 

1144.8 

03903 

1.4894 

1.7797 

11.0 

12.0 

201.96 

0.01664 

32.40 

32.42 

169.91 

976.5 

1146.4 

0.2968 

1.4760 

1.7727 

12.0 

13.0 

205.88 

0.01666 

30.06 

30.08 

173.85 

974.1 

1147.9 

0.3027 

1.4636 

1.7663 

13.0 

14.0 

209.56 

0.01669 

28.05 

28.06 

177.55 

971.8 

11493 

03082 

1.4521 

1.7604 

14.0 

14.696 

212.00 

0.01670 

26.80 

26.82 

180.00 

970.2 

1150.2 

03119 

1.4446 

1.7564 

14.69$ 

16.0 

216J2 

0.01673 

24.75 

24.76 

18435 

967.4 

1151.8 

03184 

1.4312 

1.7496 

16.0 

18.0 

222.40 

0.01678 

22.16 

22.18 

190.48 

963.5 

1154.0 

03274 

1.4127 

1.7402 

18.0 

20.0 

227.96 

0.01682 

20.078 

20.095 

196.09 

959.9 

1155.0 

03356 

1.3960 

1.7317 

20.0 

22.0 

233.07 

0.01685 

18363 

18380 

201.25 

956.6 

1157.8 

03431 

13809 

1.7240 

22.0 

24.0 

237.82 

0.01689 

16.924 

16.941 

206.05 

953.4 

1159.5 

03500 

13670 

1.7170 

24.0 

26.0 

242.25 

0.01692 

15.701 

15.718 

210.54 

950.4 

1161.0 

J03564 

13542 

1.7106 

26.0 

28.0 

246.41 

0.01695 

14.647 

14.664 

214.75 

947.7 

1162.4 

0.3624 

13422 

1.7046 

28.0 

30.0 

250.34 

0.01698 

13.728 

13.745 

218.73 

945.0 

1163.7 

0.3680 

13310 

1.6990 

30,0 

32.0 

254.05 

0,01701 

12.923 

12.940 

222.50 

942.5 

1165.0 

03732 

13206 

1.6938 

32.0 

34.0 

257.58 

0.01704 

12.209 

12326 

226.09 

940.0 

1166.1 

0.3783 

13107 

1.6890 

34.0 

36.0 

260.94 

0.01707 

11.570 

11.587 

229.51 

937.7 

1167.2 

03830 

13014 

1.6844 

36.0 

38.0 

264.16 

0.01710 

10.998 

11.015 

232.79 

935.5 

1.1683 

0J876 

1.2925 

1.6800 

38.0 

40.0 

267.24 

0.01712 

10.480 

10.497 

235.93 

9333 

1169.2 

03919 

1.2840 

1.6759 

40.0 

42.0 

270.21 

0.01715 

10.010 

10.027 

238.95 

931.2 

11703 

03961 

1.2759 

1.6720 

42.0 

44.0 

273.06 

0.01717 • 

9.582 

9.599 

241.86 

929.2 

1171.1 

0.4000 

1.2682 

1.6683 

44.0 

46.0 

275.81 

0.01719 

9.189 

9.207 

244.67 

9273 

1171.9 

0.4039 

1.2608 

1.6647 

46.0 

48.0 

278.45 

0.01722 

8.829 

8.846 

24737 

925.4 

1172.7 

0.4076 

1.2537 

1.6613 

48.0 

50.0 

281.01 

0.01724 

8.496 

8.514 

249.98 

923.5 

1173.5 

0.4111 

1.2469 

1.6580 

60.0 

52.0 

283.49 

0.01726 

8.189 

8306 

252.52 

921.7 

11743 

0.4145 

1.2404 

1.6549 

62.0 

54.0 

285.90 

0.01728 

7.902 

7.919 

254.99 

920.0 

1175.0 

0.4178 

1.2340 

1.6518 

64.0 

66.0 

288.23 

0-01730 

7.636 

7.653 

25738 

9183 

1175.7 

0.4210 

1.2279 

1.6489 

66.0 

58.0 

290.50 

0-01732 

7388 

7.405 

259.71 

916.6 

1176.4 

0.4241 

13220 

1,6461 

68.0 

60.0 

292.71 

0.01735 

7.155 

7.172 

261.98 

915.0 

1177.0 

0.4271 

1.2162 

1.6434 

60.0 

62.0 

294.85- 

0.01737 

6.937 

6.955 

264.18 

913.4 

1177.6 

0.4300 

13107 

1.6407 

62.0 

64.0 

296.94 

0.01739 

6.732 

6.749 

26633 

911.9 

11783 

0.4329 

1.2053 

1.6382 

64.0 

66.0 

298.98 

0.01741 

6.539 

6.556 

268.43 

910.4 

1178.8 

0.4356 

1.2001 

1.6357 

66,0 

68.0 

300.98 

0.01743 

6357 

6375 

270.49 

908.9 

1179.4 

0.4384 

1.1950 

1.6333 

$8-0 

70.0 

302.92 

0.01744 

6.186 

6303 

272.49 

907.4 

1179.9 

0.4410 

1.1900 

1.6310 

70.0 

72.0 

304.82 

0.01746 

6.024 

6.041 

274.45 

906.0 

1180.5 

0.4435 

1.1852 

1.6287 

72.0 

74.0 

306.68 

0.01748 

5,870 

5.887 

27637 

904.6 

1181.0 

0.4460 

1.1805 

1.6265 

74.0 

76.0 

308.50 

0-01750 

5.723 

5.741 

27835 

903.2 

1181.5 

0.4485 

1.1759 

1.6244 

76.0 

78.0 

310.28 

.0.01752 

5.584 

5.602 

280.09 

901.9 

1182.0 

0.4509 

1.1714 

1.6223 

78.0 

80.0 

312.03 

0.01754 

5.452 

5.470 

281.90 

900.5 

1182.4 

0.4532 

1.1670 

1.6202 

80.0 

82.0 

313.74 

0.01756 

5325 

5343 

283.67 

899.2 

1182.9 

0.4555 

1.1627 

1.6182 

82.0 

84.0 

315.42 

0.01757 

5.204 

5322 

285.42 

897.9 

1183.4 

0.4578 

1.1586 

1.6163 

84.0 

86.0 

317.06 

0-01759 

5.089 

5.107 

287.13 

89^7 

1183.8 

0.4599 

1.1545 

1.6144 

86.0 

88.0 

318.68 

0.01761 

4.979 

4.997 

28830 

895.4 

11843 

0.4621 

1.1505 

1.6126 

88.0 

90.0 

320.27 

0.01763 

4374 

4.892 

290.45 

8943 

1184.6 

0.4642 

1.1465 

1.6107 

90.0 

92.0 

321.83 

0^)1764 

4.773 

4.791 

292.07 

893.0 

1185.0 

0.4663 

1.1427 

1.6090 

92.0 

94.0 

323.37 

0.01766 

4.676 

’4-694 

293.67 

891.8 

1185.4 

0.4683 

1.1389 

L6072 

94.0 

96.0 

324.88 

0.01768 

4.584 

4.602 

•29535 

890.6 

11853 

0-4703 

1.1352 

1.6055 

96.0 

98.0 

326A7 

0.01769 

4-494 

4312 

39630 

889.4 

11863 

0.4723 

1.1316 

1.6038 

98.0 


aAbstracted from Steam Tables and Mcdliet Diap'am^ by Prof. J. H. Keenan, 1930 edition, by permisaon 
of the publisher, The American Society of Mechanical Engineers. 
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American Society of Heating and Ventilating Engineers Guide, 1935 


Tablet. Properties of Saturated Steam : Pressure Table — (Continued) 


Specific Volume Total Heat Entropy 


Abs. Press. 
Lb./Sq. In. 

Temp. 
Dcs. F. 

s*t. 

Liquid 

Evap. 

Sat. 

Vapor 

Sat. 

Liquid 

Evap. 

Sat. 

Vapor 

Sat. 

Liquid 

Evap. 

Sat. 

Vapor 

Abs- Press. 
Lb./Sq. In. 

P 

t 

Vf 

Vfg 

Vg 

hf 

hfg 

hs 

Sf 

Sfg 

Sg 

P 

100.0 

327.83 

0.01771 

4.408 

4.426 

29833 

888.2 

1186.6 

0.4742 

1.1280 

1.6022 

100.0 

102.0 

329.27 

0.01773 

4.326 

4344 

299.83 

887.1 

1186.9 

0.4761 

1.1245 

1.6006 

102.0 

104.0 

330.68 

0.01774 

4.247 

4,265 

301.30 

886.0 

11873 

0.4779 

1.1211 

1.5990 

104.0 

106.0 

332.08 

0.01776 

4.171 

4.189 

302.76 

884.9 

1187.6 

0.4798 

1.1177 

1.5974 

106.0 

108.0 

333.44 

0.01777 

4.097 

4.115 

304.19 

883.8 

1188.0 

0.4816 

1.1144 

1.5959 

108.0 

110.0 

334.79 

0.01779 

4.026 

4,044 

305.61 

882.7 

11883 

0.4834 

1.1111 

1.5944 

110.0 

112.0 

336.12 

0.01780 

3.958 

3.976 

307.00 

881.6 

1188.6 

0.4851 

1.1079 

1.5930 

112.0 

114.0 

337.43 

0.01782 

3.892 

3.910 

30836 

880.6 

1188.9 

0.4868 

1.1048 

1.5915 

114.0 

116.0 

338.72 

0.01783 

3.828 

3.846 

309.71 

879.5 

1189.2 

0.4885 

1.1017 

1.5901 

116.0 

118.0 

340.01 

0.01785 

3.766 

3-784 

311.05 

878.5 

1189.5 

0.4901 

1.0986 

1.5887 

118.0 

120.0 

341.26 

0.01786 

3.707 

3.725 

31237 

877.4 

1189.8 

0.4918 

1.0956 

1.5874 

120.0 

122.0 

342.50 

0.01788 

3.652 

3.670 

313.67 

876.4 

1190.1 

0.4934 

1.0926 

1.5860 

122.0 

124.0 

343.73 

0.01789 

3.597 

3.615 

314.96 

875.4 

1190.4 

0.4950 

1.0897 

1.5847 

124.0 

126.0 

344.94 

0.01791 

3.542 

3.560 

316.23 

874.4 

1190.6 

0.4965 

1.0868 

1.5834 

12[6.0 

128.0 

346.14 

0.01792 

3.487 

3-505 

317.49 

873.4 

1190.9 

0.4981 

1.0840 

1.5821 

128.0 

130.0 

347.31 

0.01794 

3.433 

3.451 

318.73 

872.4 

1191.2 

0.4996 

1.0812 

1.5808 

130.0 

132.0 

348.48 

0.01795 

3.383 

3.401 

319.95 

871-5 

1191.4 

0.5011 

1.0784 

1.5796 

132.0 

134.0 

349.64 

0.01796 

3335 

3.353 

321.17 

870.5 

1191.7 

0.5026 

1.0757 

1.5783 

134.0 

136.0 

350.78 

0.01798 

3.288 

3306 

32237 

869.6 

1191.9 

0.5041 

1.0730 

1.5771 

136.0 

138.0 

351.91 

0.01799 

3.242 

3.260 

323.56 

868.6 

1192.2 

0.5056 

1.0703 

1.5759 

138.0 

140.0 

353.03 

0.01801 

3.198 

3.216 

324.74 

867.7 

1192.4 

0.5070 

1.0677 

1.5747 

140.0 

142.0 

354.14 

0.01802 

3.155 

3.173 

325.91 

.866.7 

1192.6 

0.5084 

1.0651 

1.5735 

142.0 

144.0 

355.22 

0.01804 

3.112 

3.130 

327.06 

865.8 

1192.9 

0.5098 

1.0625 

1.5724 

144.0 

146.0 

35631 

0.01805 

3.071 

3.089 

328.20 

864.9 

1193.1 

0.5112 

1.0600 

1.5712 

146.0 

148.0 

357.37 

0.01806 

3.031 

3.049 

32932 

864.0 

11933 

0.5126 

1.0575 

1.5701 

148.0 

160.0 

358.43 

0.01808 

2.992 

3.(jl0 

330.44 

863.1 

1193.5 

0.5140 

1.0550 

1.5690 

160.0 

162.0 

359.47 

0.01809 

2.954 

2.972 

331.54 

862.2 

1193.7 

0.5153 

1.0526 

1.5679 

162.0 

164.0 

360.51 

0.01810 

2.917 

2.935 

332.64 

8613 

1193.9 

0.5166 

1.0502 

1.5668 

164.0 

166.0 

361.53 

0.01812 

2.882 

2.9Q0 

333.72 

860.4 

1194.1 

0.5180 

1.0478 

1.5658 

166.0 

168.0 

362.54 

0.01813 

2.846 

2.864 

334.80 

859.5 

11943 

0.5193 

1.0454 

1.5647 

168.0 

160.0 

363.55 

0.01814 

2.812 

2.830 

335.86 

858.7 

1194.5 

0.5205 

1.0431 

1.5636 

160.0 

162.0 

364.54 

0.01816 

2.779 

2.797 

336.91 

857.8 

1194.7 

0.5218 

1.0408 

1.5626 

162.0 

164.0 

365.52 

0.01817 

2.746 

2.764 

337.95 

857.0 

1194.9 

0.5230 

1.0385 

1.5616 

164.0 

166.0 

366.50 

0.01818 

2.715 

2.733 

338.99 

856.1 

1195.1 

0.5243 

1.0363 

1.5606 

166.0 

168.0 

367.46 

0.01819 

2.683 

2.701 

340.01 

8553 

11953 

0.5255 

1.0340 

1.5596 

168.0 

170.0 

368.42 

0.01821 

2.653 

2.671 

341.03 

854.4 

1195.4 

0.5268 

1.0318 

1.5586 

170.0 

172.0 

369.37 

0.01822 

2.623 

2.641 

342.04 

853.6 

1195.6 

0.5280 

1.0296 

1.5576 

172.0 

174.0 

37031 

0.01823 

2.594 

2.612 

343.04 

852.7 

1195.8 

0.5292 

1.0275 

1.5566 

174.0 

176.0 

371.24 

0.01825 

2.566 

2.584 

344.03 

851.9 

1196.0 

0.5304 

1.0253 

1.5557 

176.0 

178.0 

372.16 

0.01826 

2.538 

2.556 

345-01 

851.1 

1196.1 

0.5315 

1.0232 

1.5548 

178.0 

180.0 

373.08 

0.01827 

2.511 

2.529 

345.99 

850.3 

11963 

0.5327 

1.0211 

1.5538 

180.0 

182.0 

374.00 

0.01828 

2.484 

2.502 

346.97 

849.5 

1196.4 

0.5339 

1.0190 

1.5529 

182.0 

184.0 

374.90 

0.01829 

2.458 

2.476 

347.94 

848.6 

1196.6 

0.5350- 

1.0169 

1.5520 

184.0 

186.0 

375.78 

0.01831 

2.433 

2.451 

348.89 

847.9 

1196.8 

0.5362 

1.0149 

1.5511 

186.0 

138.0 

376.67 

0.01832 

2.407 

2.425 

349.83 

847.1 

1196.9 

0.5373 

1.0129 

1.5502 

188.0 

190.0 

377.55 

0.01833 

2383 

2.401 

350.77 

846.3 

1197.0 

0.5384 

1.0109 

1.5493 

190.0 

192.0 

378.42 

0.01834 

2359 

2377 

351.70 

845.5 

1197.2 

0.5395 

1.0089 

1.5484 

192.0 

194.0 

379.27 

0.01835 

2.335 

2353 

352.61 

844.7 

1197.3 

0.5406 

1.0070 

1.5475 

194.0 

196.0 

380.13 

0.01837 

2.312 

2.330 

353.53 

844.0 

1197.5 

0.5417 

1.0050 

1.5467 

196.0 

198.0 

380.97 

0.01838 

2.289 

2.307 

354.43 

843.2 

1197.6 

0.5427 

1.0031 

1.5458 

198.0 

200.0 

381.82 

0.01839 

2.267 

2.285 

35533 

842.4 

1197.8 

0.5438 

1.0012 

1.5450 

200.0 

206.0 

383,89 

0.01842 

2.213 

2.231 

357.56 

840.5 

1198.1 

0.5465 

0.9964 

1.5429 

206.0 

210.0 

385,93 

0.01844 

2.162 

2.180 

359.76 

838.6 

1198.4 

0.5491 

0.9918 

1.5409 

210.0 

216.0 

387.93 

0.01847 

2.113 

2.131 

361.91 

836.8 

1198.7 

0.5516 

0,9873 

1.5389 

216.0 

220.0 

389.89 

0.01850 

2.066 

2.084 

364.02 

835.0 

1199.0 

0.5540 

0.9829 

1.5369 

220.0 

226.0 

391.81 

0.01853 

2.0208 2.0393 

366.10 

833.2 

1199.3 

0.5565 

0.9786 

1.5350 

226.0 

230.0 

393.70 

0.01856 

1.9778 1.9964 

368.14 

831.4 

1199.6 

0.5588 

0.9743 

1.5332 

230.0 

236.0 

395.56 

0.01859 

1.9367 1.9553 

370.15 

829.7 

1199.8 

0.5612 

0.9702 

1.5313 

236.0 

240.0 

397.40 

0.01861 

1.8970 1.9156 

372.13 

827.9 

1200.1 

0.5635 

0,9661 

1.5295 

240.0 

246.0 

399.20 

0.01864 

1.8589 1.8775 

374.09 

826.2 

12003 

0.5658 

0.9620 

1.5278 

245.0 
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Table 7. Properties of Saturated Steam: Pressure Table — (Continued) 


Specific Volume Total Heat Entropy 


Abs. Pres*. 

T«m^ 

Sat. 


Sat. 

Sat. 


Sat. 

Sat. 


Sat, 

Aba. Press. 

Lb./Sq. In. 

De«. F. 

ZJquid 

EvJtp. 

Vapor 

Liquid 

Evap. 

Vapor 

Liquid 

Evap. 

Vapor 

Lb./Sq. In. 

P 

t 

Vf 

Vfe 

Vg 

hf 

hfg 

hg 

Sf 

Sfg 

Sg 

P 

260.0 

400.97 

0.01867 

1.8223 

1.8410 

376.02 

824.5 

1200.5 

0.5680 

0.9581 

1,5261 

260,0 

260.0 

404.43 

0.01872 

1.7536 

1.7723 

379.78 

821.2 

1201.0 

0.5723 

0.9504 

1.5227 

260.0 

270.0 

407.79 

0.01877 

1.6895 

1.7083 

383.44 

818.0 

1201.4 

0.5765 

0.9430 

1.5194 

270.0 

280.0 

411.06 

0,01882 

1.6302 

1.6490 

387.02 

814.7 

1201.8 

0.5805 

0.9357 

1.5163 

280.0 

290.0 

414.24 

0.01887 

1.5745 

1.5934 

390.50 

811.6 

1202.1 

0.5845 

0.9287 

1.5132 

290.0 

300.0 

417 J 3 

0.01892 

1.5225 

1.5414 

393.90 

808.5 

1202.4 

0.5883 

0.9220 

1.5102 

300.0 

320.0 

423.29 

0.01901 

1.4279 

1.4469 

400.47 

802.5 

1203.0 

0.5957 

0.9089 

1.5046 

320.0 

340.0 

428.96 

0.01910 

1.3439 

13630 

406.75 

796.6 

1203.4 

0.6027 

0.8965 

1.4992 

340.0 

360.0 

434.39 

0.01918 

1.2689 

1.2881 

412.80 

790.9 

1203.7 

0.6094 

0.8846 

1.4940 

360.0 

380.0 

439.59 

0.01927 

1.2015 

1.2208 

418.61 

7853 

1203.9 

0.6157 

0.8733 

1.4891 

380.0 

400.0 

444.58 

0.0194 

1.1407 

1.1601 

424.2 

779.8 

1204.1 

0.6218 

0.8625 

1.4843 

400.0 

420.0 

44938 

0.0194 

1.0853 

1.1047 

429.6 

774.5 

1204.1 

0.6277 

0.8520 

1.4798 

420.0 

440.0 

454.01 

0.0195 

1.0345 

1.0540 

434.8 

7693 

1204.1 

0.6334 

0.8420 

1.4753 

440.0 

460.0 

458.48 

0.0196 

0.9881 

1.0077 

439.9 

764,1 

1204-0 

0.6388 

0.8322 

1.4711 

460.0 

480.0 

462.80 

0.0197 

0.9456 

0.9633 

444.9 

759.0 

1203.9 

0.6441 

0.8228 

1.4670 

480.0 

600.0 

466.99 

0.0198 

0.9063 

0.9261 

449.7 

754.0 

1203.7 

0.6493 

0.8137 

1.4630 

600.0 

620.0 

471.05 

0.0198 

0.8701 

0.8899 

454.4 

749.0 

1203.5 

0.6543 

0.8048 

1.4591 

520.0 

640.0 

474.99 

0.0199 

0.8363 

0.8562 

459,0 

744.1 

12033 

0.6592 

0.7962 

1.4554 

640.0 

660.0 

478.82 

0.0200 

0.8047 

0.8247 

463.6 

7393 

1202.9 

0.6639 

0.7878 

1.4517 

660.0 

680.0 

482.55 

0.0201 

0.7751 

0.7952 

468.0 

734.5 

1202.5 

0.6686 

0.7796 

1.4482 

680.0 

600.0 

486.17 

0.0202 

0.7475 

0.7677 

4723 

729.8 

1202.1 

0.6731 

0.7716 

1.4447 

600.0 

620.0 

489.71 

0,0202 

0.7217 

0.7419 

476.6 

725.1 

1201.7 

0.6775 

0.7638 

1.4413 

620.0 

640.0 

493.16 

0.0203 

0.6972 

0.7175 

480.8 

720.5 

12013 

0.6818 

0.7562 

1.4380 

640.0 

660.0 

496.53 

0.0204 

0.6744 

0-6948 

484.9 

715.9 

1200.8 

0.6861 

0.7487 

1.4348 

660.0 

680.0 

499.82 

0.0205 

0.6527 

0.6732 

488.9 

7113 

12003 

0.6902 

0.7414 

1.4316 

680.0 

700.0 

503.04 

0.0206 

0.6321 

0.6527 

492.9 

706.8 

1199.7 

0.6943 

0.7342 

1.4285 

700.0 

720.0 

506.19 

0.0206 

0.6128 

0.6334 

496.8 

702.4 

1199.2 

0.6983 

0.7272 

1.4255 

720.0 

740.0 

50938 

0.0207 

0.5944 

0.6151 

500.6 

697.9 

1198.6 

0.7022 

0.7203 

1.4225 

740.0 

760.0 

51230 

0.0208 

0.5769 

0.5977 

504.4 

693.5 

1198.0 

0.7060 

0.7136 

1.4196 

760.0 

780.0 

51537 

0.0209 

0.5602 

0.5811 

5083 

6893 

1197.4 

0.7098 

0.7069 

1.4167 

780.0 

600.0 

518.18 

0.0209 

0.5444 

0.5653 

511.8 

684.9 

1196.7 

0.7135 

0.7004 

1.4139 

800.0 

820.0 

521.03 

0.0210 

0.5293 

0.5503 

515.5 

680.6 

1196.0 

0.7171 

0.6940 

1.4111 

820.0 

640.0 

523.83 

0.0211 

0.5149 

0.5360 

519.0 

676.4 

1195.4 

0.7207 

0.6877 

1.4084 

840.0 

860.0 

526.58 

0.0212 

0.5013 

0.5225 

522.6 

672 :i 

1194.7 

0.7242 

0.6815 

1.4057 

860.0 

860.0 

52939 

0.0213 

0.4881 

0,5094 

526.0 

667.9 

1194.0 

0.7277 

0.6754 

1.4031 

880.0 

900.0 

531.95 

0.0213 

0.4756 

0.4969 

529.5 

663.8 

11933 

0.7311 

0.6694 

1.4005 

900.0 

920.0 

534.56 

0.0214 

0.4635 

0.4849 

532.9 

659.7 

1192.6 

0.7344 

0.6635 

13980 

920.0 

940.0 

537.13 

0.0215 

0.4520 

0.4735 

5363 

655.6 

1191.8 

0.7377 

0.6577 

13954 

940.0 

960.0 

539.66 

0.0216 

0.4409 

0.4625 

539.6 

6513 

1191.1 

0.7410 

0.6520 

13930 

960.0 

980.0 

542.14 

0.0217 

0.4303 

0.4520 

542.8 

6473 

11903 

0.7442 

0.6464 

13905 

980.0 

1000.0 

544.58 

0.0217 

0.4202 

0.4419 

546.0 

6433 

1189.6 

0.7473 

0.6408 

13881 

1000.0 

1060.0 

550.53 

0.0219 

0 A 96 O 

0.4179 

554.0 

633.6 

1187.6 

0.7550 

0.6273 

13822 

1060.0 

1100.0 

556.28 

0.0222 

0 A 738 

03960 

561.7 

623.9 

1185.6 

0.7624 

0.6141 

13765 

1100.0 

1160.0 

561.81 

0.0224 

03540 

03764 

5693 

6143 

11833 

0.7695 

0.6014 

13709 

1160.0 

1200.0 

567.14 

0.0226 

03356 

03582 

5763 

604.9 

1181.4 

0.7764 

0.5891 

13656 

1200.0 

1260.0 

57230 

0,0228 

03187 

03415 

583.6 

595.6 

11793 

0.7831 

0.5772 

13603 

1250.0 

1300.0 

57732 

0.0230 

03029 

03259 

590.6 

5863 

1177.0 

0.7897 

0.5654 

13552 

1300.0 

1360.0 

58231 

0.0232 

03884 

03116 

5973 

5773 

1174.7 

0.7962 

0.5540 

13501 

1360.0 

1400.0 

586.96 

0.0235 

0.2748 

0.2983 

6043 

568.1 

1172.4 

0.8024 

0 J 428 

13452 

1400.0 

1460.0 

591.58 

0.0237 

0.2621 

03858 

'611.0 

559.1 

1170.0 

0.8086 

0.5318 

13404 

1450.0 

1600.0 

596.08 

0.0239 

0.2502 

03741 

617.5 

5503 

1167.6 

0.8146 

0.5212 

13357 

1600.0 

1600.0 

604.74 

0.0244 

03284 

03528 

6303 

532.6 

1162.7 

0.8262 

0,5003 

13265 

1600.0 

1700.0 

612.98 

0.0249 

0.2089 

0.2338 

642.5 

515.0 

11573 

0.8373 

0.4801 

13174 

1700.0 

1800.0 

62036 

0.0254 

0.1913 

03167 

654.7 

4973 

115 L 8 

0.8482 

0,4601 

13083 

1800.0 

1900.0 

62839 

0.02 W 

0.1754 

03014 

666.8 

478.9 

1145.7 

0.8589 

0.4402 

13990 

1900.0 

2000.0 

635.6 

0.0265 

0.1610 

0.1875 

679.0 

460.0 

1139.0 

0-8696 

0.4200 

13896 

2000,0 

2200.0 

6493 

0.0277 

0.1346 

0.1623 

703.7 

420.0 

11233 

0.8912 

03788 

13700 

2200.0 

2400.0 

661.9 

0.0292 

0.1112 

0.1404 

729.4 

376.4 

1105.8 

0.9133 

03356 

13488 

2400.0 

2600.0 

6733 

0.0310 

0.0895 

0.1205 

756.7 

327.8 

10843 

0.9364 

03892 

13257 

2600.0 

2800.0 

684.9 

0.0333 

0.0688 

0.1021 

786.7 

2723 

1058.9 

0.9618 

03379 

1.1996 

2800,0 

3000.0 

6953 

0.0367 

0.0477 

0,0844 

823.1 

202.5 

1025.6 

0.9922 

0.1754 

1.1676 

3000.0 

3200.0 

704.9 

0. C 459 

0.0142 

0.0601 

887.0 

75.9 

962.9 

1.0461 

0.0651 

1.1112 

3200.0 

3226.0 

706,1 

0.0522 

0 

0,0522 

925.0 

0 

925.0 

1.0785 

0 

1,0785 

3226.0 
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RATE OF EVAPORATION 

In problems of air conditioning and drying, as well as in other industrial 
applications of evaporation, such as cooling towers, it is desirable to 
determine the rate of evaporation. There are two distinct cases of 
evaporation. The Jirsi case is that in which the source of heat is primarily 
from the water itself and in which the air temperature may even be raised. 


Table 8. Thermal Properties of Water 


Tempbratitbe 
Dbg F 

Sa.t. Press. 

Lb per Sq In. 

Volume Cu Ft 

PER Lb 

Weight Lb per 

Cu Ft 

Specific 

Heat 

32 

0.0887 

0.01602 

62.42 

1.0093 

40 

0.1217 

0.01602 

62.42 

1.0048 

50 

0.1780 

0.01602 

, 62.42 

1.0015 

60 

0.2561 

0.01603 

62.38 

0.9995 

70 

0.3628 

0.01605 

62.31 

0.9982 

80 

0.5067 

0.01607 

62.23 

0.9975 

90 

0.6980 

0.01610 

62.11 

0.9971 

100 

0.9487 

0.01613 

62.00 

0.9970 

no 

1.274 

0.01616 

61.88 

0.9971 

120 

1.692 

0,01620 

61.73 

0.9974 

130 

2.221 

0.01625 

61.54 

0.9978 

140 

2.887 

0.01629 

1 61.39 

0.9984 

150 

3.716 

0.01634 

61.20 

0.9990 

160 

4.739 

0.01639 

61.01 

0.9998 

170 

5.990 

0.01645 

60.79 

1 .0007 

180 

7.510 

0.01650 

60.61 

1.0017 

190 

9.336 

0.01656 

60.39 

1.0028 

200 

11.525 

0.01663 

60.13 

1.0039 

210 

14.123 

0.01669 

59.92 

1.0052 

212 

14.696 

0.01670 

59.88 

1.0055 

220 

17.188 

0.01676 

59.66 

1.0068 

240 

24.97 

0.01690 

59.17 

1.0104 

260 

35.43 

0.01706 

58.62 

1.0148 

280 

49.20 

0,01723 

58.04 

1.020 

300 

67.01 

0,01742 

57.41 

1.026 

350 

134.62 

0.01797 

55.65 

1.044 

400 ! 

247.25 

0.01865 

53.62 

1.067 

450 

422.61 

0.0195 

51.3 

1.095 

500 

681.09 

0.0205 

48.8 

1.130 

550 

1045.4 

0.0219 

45.7 

1.200 

600 

1544.6 

0.0241 

41.5 

1.362 

700 

3096.4 

0.0394 

25,4 



The second is that in which the heat for evaporation is obtained entirel> 
from the air itself, in which case the air is cooled and the temperature oj 
the water remains substantially constant at the wet-bulb temperature 
Both cases, however, may be reduced to a common basis of calculation 
It has been found that the increase in the rate of evaporation is nearly ir 
direct proportion to the increase in the air velocity, and that it is in dired 
proportion to the difference in vapor pressure between the vapor pressure 
of the water and the pressure of the vapor in the air. 
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The general formula covering the experimental data may be expressed 
as follows : 

(a+ii-) (e' -e) (17) 

where 

dw - 

= rate of evaporation. 

a - the rate of evaporation in still air. 
b = the rate of increase with velocity, 
e' = the vapor pressure of the liquid. 
e = the vapor pressure in the atmosphere. 

V = velocity. 

The only difference between case one and case two is that in case 
one the vapor pressure of the liquid is one of the known or assumed factors, 
being dependent upon the known temperature of the liquid, while in 
case two, e* is the vapor pressure corresponding to the wet-bulb tem- 
perature of the air. 

This wet-bulb or evaporation temperature is dependent upon the dry- 
bulb temperature and the moisture content, or upon the total heat of the 
air as indicated in the previous paragraph. 

The effect of air velocity depends upon whether the flow of air is 
parallel to the surface or perpendicular to the surface elements. For a 
flow of air parallel to a horizontal surface 


w = 0.093 + 

where 

w = pounds evaporated per square foot per hour. 

V — velocity of atmosphere over surfaces, feet per minute, 
e’ = vapor pressure of the water corresponding to its temperature. 
e = vapor pressure in the surrounding atmosphere. 


j)(e'-e) 


(approximately) 


For transverse flow, as across a tubular surface, the rate of evaporation 
is nearly doubled. 

These relationships are indicated graphically on the chart, Fig. 3. 

Since the difference in vapor pressures is substantially proportional to 
the difference between the wet- and dry-bulb temperatures {i,e,, the wet- 
bulb depression) the rate of evaporation is also, for case substantially 
proportionate to the wet-bulb depression. 

In case two, the rate of sensible heat transfer from the air to the liquid 
to produce evaporation is substantially the same as the rate of heat 
transfer with the same type of surface, without moisture being present, 
but with the same temperature differences. In other words, the rate of 
heat transfer depends upon the temperature difference only, whether the 
surface is wet or not. For example, it has been shown that the rate of 
heat transfer with air flowing across staggered coils (transverse flow) may 
be represented by the formula: 
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where 


Ut = heat transfer expressed in Btu per hour per square foot per degree 
difference in temperature between steam and air, for transverse flow. 

At a velocity of 400 fpm, Ut ~ 5.8; at a velocity of 800 fpm, Ut = 9.3. 

Referring to Fig. 3, showing the rate of heat transmission by evapo- 
ration for Afferent air velocities, it will be noted that for transverse flow 
there are 560 Btu per hour per square foot transferred per inch difference 
of vapor pressure at a velocity of 400 fpm, and 910 Btu per hour per square 
foot per inch difference in vapor pressure at a velocity of 800 fpm. One 
inch of vapor pressure difference corresponds approximately to 95 deg 
difference between the wet- and dry-bulb temperature. Dividing by 95, 



the value of 5.9 Btu per square foot per degree difference in temperature 
is obtained for a velocity of 400 fpm, and 9.55 Btu per square foot for a 
velocity of 800 fpm. 

It will be noted that for these two cases the heat transfer by evapo- 
ration per degree difference in temperature corresponds almost exactly 
with the heat transfer by convection coils. The similarity may be noted 
by comparing the formula for heat transfer in parallel flow, where 




0.026 -h 


161 


( 20 ) 


with the heat transfer by evaporation with parallel flow. The relationship 
will be seen to be very close in both cases and would indicate that the heat 
transfer by evaporation is actually brought about by a process of con- 
vection. 
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The difference in form of the two formulae may be due in part to 
errors in observation at the higher and lower velocities. 

In cooling air and condensing out the moisture therefrom the heat 
transfer is considerably more rapid than when the air is dry and no 
moisture is condensed. In general the rate of heat transmission on the 
air side is increased an amount which is proportionate to the latent heat 
removed as compared with the sensible heat removed. That is, if the 
latent heat removed was 50 per cent of the sensible heat removed, then 
the conductivity of the surface in contact with the air would be increased 
approximately 50 per cent. 
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PROBLEMS IN PRACTICE 

1 • Given air at 70 F dry -bulb and 50 per cent relative humidity with a baro- 
metric pressure of 29.00 in. Hg, find the weight of vapor per pound of dry air. 

Weight of saturated vapor per pound of dry air = Wt — 0.01578 Ib (Table 5). Satura- 
tion pressure of the vapor at 70 F = et — 0.73S6 in. Hg. 

From Equation 7, 

_ 0.01578 X 0.5 (29.00 - 0.7386) 

^ 29.00 - (0.5) (0.7386) 

W = 0.00779 lb of vapor per pound of dry air at 70 F dry-bulb and 50 per cent relative 
humidity. 

Approximate Method: 

0.01578 X 0.5 = 0.00789 lb of vapor per pound of dry air at 70 F dry-bulb and 50 per 
cent relative humidity. 

2 • Given air with a dry -bulb temperature of 80 F, relative humidity of 55 per 
cent, and a barometric pressure of 29.92 in. Hg, calculate the weight of a cubic 
foot of the mixture. 

Weight of saturated vapor per cubic foot = 0.001580 lb (Table 5). 
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0.001580 X 0.55 = 0.000869 lb — weight of vapor per cubic foot at 55 per cent relative 
humidity. 

Pressure of saturated vapor at 80 F = 1.0314 in. Hg. 

Pressure of the vapor in the mixture — 1.0314 X 0.55 = 0.567 in. Hg. 

Pressure of the dry air in the mixture == 29.92 — 0.567 == 29.353 in. Hg. 

Weight of 1 cu ft of dry air at 80 F = = 0.073529 lb. 

2Q 353 

Weight of dry air in 1 cu ft of the mixture = 0.073529 X ~ 0.072136 lb. 

0.072136 + 0.000869 = 0.073005 lb ~ weight of 1 cu ft of the mixture. 


3 • Given air with a dry-bulb temperature of 75 F, a relative humidity of 60 per 
cent, and a barometric pressure of 29-92 in. Hg, calculate the volume of 1 Ib 
of the mixture. 


Weight of saturated vapor per cubic foot = 0.001352 lb (Table 5). 

0.001352 X 0.6 = 0.0008112 lb = weight of vapor per cubic foot at 60 per cent relative 
humidity. 

Pressure of saturated vapor at 75 F = 0.8744 in. Hg. 

Pressure of vapor in the mixture = 0.8744 X 0.6 “ 0.525 in. Hg. 

Pressure of dry air in the mixture = 29.92 — 0.525 = 29.395 in. Hg. 

Volume of 1 lb of dry air at 75 F = 13.48 cu ft. 

29 92 

Volume of 1 lb of dry air in the mixture = 13.48 X 2 9 ' ^9 5 ~ 13.72 cu ft. 

Weight of dry air in 1 cu ft of the mixture = ~ 0.072886 lb. 

0.072886 + 0.000811 = 0.073697 lb = weight of 1 cu ft of the mixture. 


1 

0.073697 


- 13.57 cu ft = volume of 1 lb of the mixture. 


Approximate Method: 

Volume of 1 lb of saturated air at 75 F = 13.88 cu ft. 
Volume of 1 lb of dry air at 75 F = 13.48 cu ft. 


Difference in volume = 0.40 cu ft. 

Relative humidity — 60 per cent. 

0.40 X 0.6 = 0.24 cu ft. 

13.48 + 0.24 = 13.72 cu ft — volume of 1 lb of the mixture. 
The degree of approximation is evident. 


4 • Given saturated air at a temperature of 75 F and a barometric pressure of 
29.92 in. Hg, determine the total heat of the mixture per pound of dry air. 

From Equation 11 and Table 5, 

CPa = mean specific heat at constant pressure of dry air = 0.24. 

- feg = latent heat of vaporization at the wet-bulb temperature = 1050.1 Btu per lb. 
TFt* = weight of water vapor mixed with each pound of dry air = 0.01877 lb. 

2 = 0.24 (75 - 0) + (0.01877) (1050.1). 

2 = 37.71 Btu per lb of dry air. 


5 • Given air at 85 F dry-bulb temperature, 75 F wet-bulb temperature, and a 
barometric pressure of 29.92 in. Hg; determine the total heat of the mixture 
per pound of dry air. 

From Equation 10 and Table 5, 

CPa = 0.24. 
hhs, = 1050.1 Btu. 
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Relative humidity = 62,3 per cent (from psychrometric chart). 

W = 0.02634 X 0.623 — 0.01641 grains of moisture per lb of dry air. 

2 = 0.24 (85 - 0) -h 0.01641 [1050.1 -f 0.45 ^85 - 75)]. 

2 = 37.71 Btu per pound of dr>^ air. 

It will be seen from Questions 4 and 5 that the total heat content is a function of the 
wet-bulb temperature. 

6 • It is desired to maintain a temperature of 80 F and a relative humidity of 
50 per cent in a factory where the equipment gives off 6,000 Btu per hour. If 
the entering air is at TO F, determine the relative humidity, and the pounds of 
air required per hour. 

Air at SO F and 50 per cent relative humidity contains 77 grains of moisture per pound. 
At 70 F and 77 grains of moisture per pound, the relative humidity is 70 per cent. 

Total heat above zero in the mixture at 80 F and 50 per cent relative humidity = 31.2 
Btu per pound. 

Total heat above zero in the mixture at 70 F and 70 per cent relative humidity = 28.8 
Btu per pound. 

31.2 — 28.8 = 2.4 Btu to be removed per pound of air. 

6000 Btu = heat given off by equipment per hour. 

= 2500 lb of air required per hour. 


7 • From the data given in Question 6, calculate the approximate cubic feet 
of air required per minute. 

Volume of 1 lb of saturated air at 70 F = 13.69 cu ft (Table 5) 

Volume of 1 lb of dry air at 70 F = 13.35 cu ft. 

Difference in volume = 0,34 cu ft. 


Relative humidity = 70 per cent. 
0.34 X 0.7 = 0.24 cu ft. 


13.35 + 0.24 = 13.59 cu ft, volume of 1 lb of mixture at 70 F and 70 per cent relative 
humidity (approximate). 

From Question 6 the air required per hour = 2500 lb. 


2500 X 13.59 
60 


566.25 cu ft per minute required. 


8 • Given 1 lb of dry air at 78 F and a barometric pressure of 29.92 in. Hg; 
calculate the volume. If the temperature is raised to 96 F and the volume 
remains constant, what will be the new pressure, P 2 , in in. Hg? 

PV = WRT. 

R (for air) = 53.34. 

IF - 1 Ib. 

P == absolute pressure, pounds per square foot. 

IX 53.34 X (78 + 460) 

29.92 X 0.491 X 144 
V — 13.57 cu ft = volume of 1 lb. 

Zi p — 

Pi Ti’ * r, 

_ (96 + 460) (29.92 X 0.491 X 144) 

(78 + 460) (0.491 X 144) 

Pi = 30.90 in. Hg. ■ 
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9 • Given saturated air at a temperature of 75 F and a barometric pressure of 
29.92 in. Hg; determine the heat content of the mixture per pound of drv air, 
including the heat content of the liquid above 32 F. 

From Equation 12, 

/; = 0.24 a 0) + W (1059.2 + 0.45^). 
where 

hs = 1059.2 4" 0.45/ (Empirical equation derived from Keenan's Steam Tables.) 

/ = 75 F. 

\V — 0.01S77 Ib of water vapor (Table 5). 
h - 0.24 (75 ~ 0} + 0.01877 (1059.2 4 0.45 X 75). 
h — 38.51 Btu per pound of dry air. 
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VENTILATIOX 

AND AIR CONDITIONING STANDARDS 

Vitiation of Air, Heat Regulation in Man, Effects of Heat, 

Effects of Cold, Temperature Changes, Acclimatisation, 

Warmth and Comfort, Effective Temperature, Comfort Chart, 

Comfort Line, Comfort Zone, Application of Comfort Chart, 
A.S.HA.E, Ventilation Standards, JSatural and Mechanical 
Ventilation, Recirculation, Ultra-Violet Radiation and Ionisa- 
tion, Heat and Moisture Losses 


V ENTILATION is defined in part as “the process of supplying or 
removing air by natural or mechanical means to or from any space.” 
(See Chapter 41.) The word in itself implies quantity but not necessarily 
quality. From the standpoint of comfort and health, however, the 
problem is now considered to be one of securing air of the proper quality 
rather than of supplying a given quantity. 

The term air conditioning in its broadest sense implies control of any or 
ail of the physical or chemical qualities of the air. More particularly, it 
includes the simultaneous control of temperature, humidity, movement, 
and purity of the air. The term is broad enough to embrace whatever 
other additional factors may be found desirable for maintaining the 
atmosphere of occupied spaces at a condition best suited to the physio- 
logical requirements of the human body. 

VITIATION OF AIR 

Under the artificial conditions of indoor life, the air undergoes certain 
physical and chemical changes which are brought about by the occupants 
themselves. The oxygen content is somewhat reduced, and the carbon 
dioxide slightly increased by the respiratory processes. Organic matter, 
which is usually perceived as odors, comes from the nose, mouth, skin 
and clothing. The temperature of the air is increased by the metabolic 
processes, and the humidity raised by the moisture emitted from the skin 
and lungs. Moreover, according to latest researchesb there is a marked 
decrease in both positive and negative ions in the air of occupied rooms. 

Contrary to old theories, the usual changes in oxygen and carbon 
dioxide are of no physiological concern because they are much too small 
even under the worst conditions. The amount of carbon dioxide in air is 
often used in ventilation work as an index of odors of human origin, but 


^See A.S.H.V.E. research paper entitled Changes in Ionic Content in Occupied Rooms Ventilated by 
Natural and Mechanical Methods, by C. P. Yaglou, L. C. Benjamin and S. P. Choate (A.S.H.V.E. Trans- 
actions. Vol. 37. 1931). 
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the information it affords rarely justifies the labor involved in making the 
observation-. Little is known of the identity and physiological effects of 
the organic matter given off in the process of respiration. The former 
belief that the discomfort experienced in confined spaces was due to some 
toxic volatile matter in the expired air is now limited, in the light of 
numerous researches, to the much less dogmatic view that the presence of 
such a substance has not been demonstrated. The^ only certain fact is 
that expired and transpired air is odorous and offensive, and it is capable 
of producing loss of appetite and a disinclination for physical activity. 
These reasons alone, whether aesthetic or physiological, are sufficient to 
warrant a desire for proper air conditions. 

A certain part of the dissemination of disease which occurs in confined 
spaces is caused by the emission of pathogenic bacteria from infected 
persons. Infections by droplets from coughing and sneezing constitute a 
limited mode of transmission in the immediate vicinity of the infected 
person. Experiments have shown that the mouth spray is a coarse rain 
which settles down quickly. The contamination is local and the problem 
is considered to be largely one of contact infection rather than air-borne 
infection. 

The primary factors in air conditioning work, in the absence of any 
specific contaminating source, are temperature, humidity, air movement 
and body odors. As compared with these physical factors, the chemical 
factors are, as a general rule, of secondary importance. 

HEAT REGULATION IN MAN 

The importance of temperature, humidity and air movement arises 
from the profound influence which these factors exert upon body tem- 
perature, comfort and health. Body temperature is a resultant of the 
balancing action between its heat production and its heat loss. ^ The heat 
resulting from the combustion of food within the body maintains its 
temperature well above that of the surrounding air. At the sarne time, 
heat is constantly lost from the body by radiation, conduction and 
evaporation. Since, under ordinary conditions, the body temperature is 
maintained at its normal level of about 98.6 F, the heat production must 
be balanced by the heat loss. In healthy persons this takes place auto- 
matically by the action of the heat regulating mechanism. 

According to the general view, special areas in the skin are sensitive to 
temperature. Nerve courses carry the sense impressions to the brain and 
the response comes back over another set of nerves, the motor nerves, to 
the musculature and to all the active tissues in the body, including the 
endocrine glands. In this way, a two-sided mechanism controls the body 
temperature by (1) regulation of internal heat production (chemiral 
regulation), and (2) regulation of heat loss by means of automatic varia- 
tion in the rate of cutaneous circulation and the operation of the sweat 
glands (physical regulation). The mechanisms of adjustment are complex 
and little understood at the present time. Coordination of these dif- 
ferent mechanisms seems to vary greatly with different air conditions. 


’Indices of Air Change and Air Distributionr by F. C. Houghten and J. L. Blackshaw (A.S.H.V.E. 
Journal Section, Heating, Piping and Air Conditionings June, 1933, p. 324), 
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With rising air temperatures up to 75 F or 80 F, metabolism, or internal 
heat production, is decreased^, probably by an inhibitory" action on heat 
producing organs, especially the adrenal glands, which seem to exert the 
major influence on basic combustion processes in the body. The blood 
capillaries in the skin become dilated by reflex action of the vasomotor 
nerves, allowing more blood to flow into the skin, and thus increase its 
temperature and consequently its heat loss. The increase in peripheral 
circulation is at the expense of the internal organs. If this method of 
cooling is not in itself sufficient, the stimulus is extended to the sweat 
glands which allow water to pass through the surface of the skin, where it 
is evaporated. This method of cooling is the most effective of all, as long 
as the humidity of the air is sufficiently low to allow for evaporation. In 
high humidities, where the difference between the dew-point temperature 
of the air and body temperature is not sufficient to allow rapid evapora- 
tion, equally good results may be obtained by increasing the air move- 
ment, and hence the heat loss by conduction and evaporation. 

In cold environments, in order to keep the body warm there is an actual 
increase in metabolism brought about partly by voluntary muscular con- 
tractions (shivering) and partly by an involuntary reflex upon the heat 
producing organs. The surface blood vessels become constricted, and 
the blood supply to the skin is curtailed by vasomotor shifts to the internal 
organs in order to conserve body heat. 

EFFECTS OF HEAT 

Although the human organism is capable of adapting itself to variations 
in environmental conditions, its ability to maintain heat equilibrium is 
limited. The heat regulating center fails, for instance, if the external 
temperature is so abnormally high that bodily heat cannot be eliminated 
as fast as it is produced. Part of it is retained in the body, causing a rise 
in skin and deep tissue temperature, an increase in the heart rate, and 
accelerated respiration, (^e Table 1.) In extreme conditions, the 
metabolic rate is markedly increased owing to the excessive rise in body 
temperature^, and a vicious cycle results which may eventually lead to 
serious physiologic damage. 

Examples of this are met with in unusually hot summer weather and in 
hot industries where the radiant heat from hot objects renders heat loss 
from the body by radiation and convection impossible. Consequently, 
the workers depend entirely on evaporation for the elimination of body 
heat. They stream with perspiration and drink liquids abundantly to 
replace the loss. 

One of the most deleterious effects of high temperatures is that the 
blood is diverted from the internal organs to the surface capillaries, in 
order to serve in the process of cooling. This affects the stomach, heart, 
lungs and other vital organs, and it is believed that the feeling of lassitude 
and discomfort experienced is due to the anaemic condition of the brain. 


*Heat and Moisture Losses From the Human Body and Their Relation to Air CozKlitioning Problems, 
by F. C. Honghten, W. W. Teague. W. K Miher. and W. P. Yant (A.S.H.V.E. Transactions. VoL 35, 
p. 245). 

^Thermal Exchanges Between the Human Body and Its Atmospheric Environment, by F. C. Houghten. 
W. W. Teague. W. E. Miller, and W. P. Yant {The American Journal of Physiology^ Vol. 88, No. 3, April, 
1929), 
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Table 1. Physiological Responses to Heat of Men at Rest and at Work^ 


I Men at Work 

Men at Rest J 90,000 pt-lb of Work per Hour 


Effective 

Temp. 

Cheek 

Temp 

(Deg 

Fahr) 

Rise in 
Rectal 
Temp 
(Deg 
Fahr per 
Hour) 

Increase 
in Pulse 
Rate 

(Beats per 
Min per 
Hour) 

.Approximate 
Lc^ in Body 
Weight by 
Perspiration 
(Lb per Hr) 

Total Work 
.Accomplished 
(Ft-lb) 

Rise in 
Body Temp 
(Deg Fahr 
per Hr) 

Increase in 
Pulse Rate 
(Beats per 
Min per Hr) 

Approximate 
Loss in Body 
Wt. by Pw- 
spiration (Lb 
per Hr) 

60 





225,000 

0.0 

6 

0.5 

70 


0.6 

6 

6.2 

225,000 

0.1 

7 

0.6 

80 

96. i' 

0.0 

0 

0.3 

209,000 

0.3 

11 

0.8 

85 1 

96.6 

0.1 I 

1 

0.4 

190,000 

0.6 

17 

1.1 

90 ! 

97.0 

0,3 1 

4 

0.5 

153,000 

1.2 

31 

1-5 

95 

97.6 : 

0.9 1 

15 

0.9 

102,000 

2.3 

61 

2.0 

100 1 

99.6 

2.2 

40 1 

1.7 

67,000 

4.0 i 

103b 

2.7 

105 : 

104.7 

4.0 

83 

2.7 

49,000 

6.0b 

158b 

3.5b 

110 1 


5.9b 

137b 

4.0b : 

37,000 

8.5b 

237b 

4.4b 


«Data by A.S.H.V.E. Research Laboratory. 

bComputed va’ue from exposures lasting less than one hour. 


The stomach loses some of its power to act upon the food, owing to a 
diminished secretion of gastric juice, and there is a corresponding loss in 
the antiseptic and antifermentive action which favors the growth of 
bacteria in the intestinal tract®. These are considered to be the potent 
factors in the increased susceptibility to gastrointestinal disorders in hot 
summer weather. The vie ^im may lose appetite and suffer from indiges- 
tion, headache and general enervation, which may eventually lead to a 
premature old age. 

In warm atmospheres, particularly during physical work, a considerable 
amount of chloride is lost from the system through sweating. The loss of 
this substance may lead to attacks of cramps, unless the salts are replaced 
in the drinking water. In order to relieve both cramps and fatigue, 
Moss® recommends the addition of 6 grams of sodium chloride and 4 grams 
of potassium chloride to a gallon of water. 

The deleterious physiologic effects of high temperatures exert a power- 
ful influence upon physical activity, accidents, sickness and mortality. 
Both laboratory and field data show clearly that physical work in warm 
atmospheres is a great effort, and that production falls progressively as 
the temperature rises. The incidence of industrial accidents reaches a 
minimum at about 68 F, increasing above and below that temperature. 
Sickness and mortality rates increase progressively as the temperature 
rises. 

EFFECTS OF COLD 

The action of cold on human beings is not well known. Cold affects the 
human organism in two ways: (1) through its action on the body as a 
whole, and (2) through its action on the mucous membranes of the upper 
respiratory tract. Little exact information is available on the latter. 

On exposure to cold, the loss of heat is increased considerably and only 


^Influence of Effective Temperature upon Bactericidal Action of Gasto-Intestinal Tract, by Arnold and 
Brody {Proceedings Society Exp. Biol. Med. VoL 24, 1927, p. 832). 

®Some Effects of High Air Temperatures upon the Miner, by K. N. Moss {Transactions Institute of 
Mining Engineers, Vol. 06, 1924, p. 284). 
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within certain limits is compensation possible by increased heat produc- 
tion and decreased peripheral circulation. The rectal temperature often 
rises upon exposure to cold but the pulse rate and skin temperature fall. 
The blood pressure increases, owing to constriction in the peripheral 
vessels and to thickening of the lilood. The subcutaneous tissues and 
muscles form reservoirs for storing the water w'hich leaves the blood. In 
extremely cold atmospheres compensation becomes inadequate. The 
body temperature falls and the reflex irritability of the spinal cord is 
markedly affected. The organism may finally pass into an unconscious 
state which ends in death. 

Cannon showed that excessive loss of heat is associated with increased 
activity of the adrenal medulla^. The extra output of adrenin hastens 
heat production which protects the organism against cooling. Bast® 
found a degeneration of thyroid and adrenal glands upon exposure to cold. 

Effects of Temperature Changes 

A moderate amount of variability in temperature is known to be 
beneficial to health, comfort, and the performance of physical and mental 
work. On the other hand, extreme changes in temperature, such as those 
experienced in passing from a warm room to the cold air out of doors, 
appear to be harmful to the tissues of the nose and throat which are the 
portals for the entry of respiratory diseases. 

Experiments show that chilling causes a constriction of the blood 
vessels of the palate, tonsils and throat, which is accompanied by a fall 
in the temperature of the tissues. On rewarming, the palate and throat 
do not always regain their normal temperature and blood supply. This 
anaemic condition favors bacterial activity and it is believed to play a 
part in the inception of the common cold and other respiratory diseases. 
It is believed that the lowered resistance is due to a diminution in the 
number and phagocytic activity of the leucocytes (white blood cells) 
brought about by exposure to cold and by changes in temperature. 

Sickness records in industries seem to strengthen this belief. The 
Industrial Fatigue Research Board of England^ found that in workers 
exposed to high temperatures and to changes in temperature, namely, 
steel melters, puddlers, and tin-plate millmen, there is an excess of all 
sickness, the excess among the puddlers being due chiefly to respiratory 
diseases and rheumatism. The causative factor was not the heat itself 
but the sudden changes in temperature to which the workers were exposed. 
The tin-plate millmen who were not exposed to chills, since they work 
almost continuously throughout the shift, had no excess of rheumatism 
and respiratory diseases. On the other hand, the blast-furnacemen, who 
work mostly in the open, showed more respiratory sickness than the steel 
workers. This experience in British factories is well in accord with the 
findings in American industries'^. According to these data the highest 


“Studies on the Condition of Activity of Endocrine Glands, by W. B. Cannon, A. Guerido,! S. W. Britton 
and E, M. Bright {American Journal of Physiology, Vol. 79, 1926, p. 466). 

^Studies in Exhaustion Due to Lack of Sleep, by T. H. Bast, J. S. Supemaw, B. Lieberman and J. Munro 
{American Journal of Physiology, Vol. 85, 19^, p. 1S5). 

^Fatigue and EfiBciency in the Iron and Steel Industry, by H. M. Vernon {Industrial Fatigue Research 
Board, Report No. 5, 1920, London). 

“Iron Foundry Workers Show Highest Percentage of Deaths from Pneumonia {Statistical Bulletin, 
Metropolitan Life Insurance Comj^ny, 1928). 
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pneumonia death rate is associated with dust, extreme heat, exposure to 
cold, and to sudden changes in temperature. 

ACCLIMATIZATION 

Acclimatization and the factor of psychology are two important in- 
fluences in air conditioning which cannot be ignored. The first is man’s 
ability to adapt himself to changes in air conditions; the second is an 
intangible matter of habit and suggestion. 

Some persons regard the unnecessary endurance of cold as a virtue. 
They believe that the human organism can adapt itself to a wide range of 
air conditions with no apparent discomfort or injury to health. In the 
light of the present knowledge of air conditioning these views are not 
justified. Acclimatization to extreme conditions involves a strain upon 
the heat regulating system and it interferes with the normal physiologic 
functions of the human body. Thousands of years in the heat of Africa 
do not seem to have acclimatized the Negro to a temperature averaging 
80 F. The same holds true of northern races with respect to cold, although 
the effects are mitigated by artificial control. All this seems to indicate 
that adaptation to a climate averaging between 60 and 80 F is a very 
primitive trait^^ 

Within these limits, however, there does occur a definite adaptation to 
external temperature level. People and animals raised under conditions 
of tropical moist heat have a lower rate of heat production than do those 
who grow up in cooler environments. This causes them to stand chilling 
poorly as they are unable to quickly increase internal combustion to keep 
up the body temperature. For this reason they have trouble standing 
the cold, stormy weather of the temperate zones, and when exposed to it 
are very susceptible to respiratory infections. Likewise, people living in 
cool climates suffer greatly in the moist heat of the tropics until their 
adrenal activity has slowed down. Within a couple of years, however, 
they find themselves standing the heat much better and disliking cold. 
They become acclimated by a definite change in the combustion level 
within the body^. 

In certain individuals the psychologic factor is more powerful than 
acclimatization. A fresh air fiend may suffer in a room with windows 
closed regardless of the quality of the air. As a matter of fact, instances 
are known in which paid subjects refused to stay in a windowless but 
properly conditioned experimental chamber because the atmosphere felt 
suffocating to them upon entering the room. 

WARMTH AND COMFORT 

The temperature, humidity, and motion of the air, and the radiation 
between a person and surrounding hot or cold surfaces, taken together, 
determine his feeling of warmth and influence his elimination of body 
heat. In other words, the temperature sensations of the human body 
depend not only on the temperature of the surrounding air as registered 
by a dry “bulb thermometer, but also upon the temperature indicated by 

^Civilization and Climate, by Ellsworth Huntington, Yale University Press, 1924. 

“Air Conditioning it its Relation to Human Welfare, by C. A. Mills, M.D. (A.S.H.V.E. Journal Section, 
Beaiingy Piping and Air Conditioning, April, 1934). 
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a wet-bulb thermometer. Dr>^ air at a relatively high temperature may 
feel cooler than air of considerably lower temperature with a high mois- 
ture content. Air motion makes any moderate condition feel cooler. 

On the other hand, in cold environments an increase in humidity 
produces a cooler sensation. The dividing line at which humidity has no 
effect upon comfort varies with the air velocity and is about 46 F (dry- 
bulb) for still air and about 51, 56 and 59 F for air velocities of 100, 300 
and 500 fpm, respectively. 

Thermo- Equivalent Conditions 

Combinations of temperature, humidity and air movement which pro- 
duce the same feeling of warmth are called thermo-equivalent con- 
ditions. A series of tests^^» has been carried out in the psychrometric 
rooms of the A.S.H.V.E. Research Laboratory, Pittsburgh, in order to 
determine the equivalent conditions met with in general air conditioning 
work. These show that this newly-developed scale of thermo-equivalent 
conditions not only indicates the sensation of warmth, but also determines 
the physiological effects on the body induced by heat and cold. ' For this 
reason, it is called the effective temperature scale or index. 

Effective temperature is an index of warmth or cold. It is not in itself 
an index of comfort, as it is often assumed to be, nor are the effective tem- 
perature lines necessarily lines of equal comfort. This is true because, in 
determining this index, the subjects compared not the relative comfort, 
but rather the relative warmth or cold of various air conditions. Moist 
air at a comparatively low temperature, and dry air at a higher tempera- 
ture may each feel as warm as air of an intermediate temperature and 
humidity, but the comfort experienced in the three air conditions would be 
different, although the effective temperature is the same. 

Under extreme humidity conditions there seems to be a difference be- 
tween sensations of absolute comfort and of the proper degree of warmth. 
In other words, human beings are not necessarily comfortable when the 
air is neither too warm nor too cold. Air of proper warmth may, for in- 
stance, contain excessive water vapor, and in this way interfere with the 
normal physiologic loss of moisture from the skin, leading to damp skin 
and clothing and producing more or less discomfort; or the air may be 
excessively dry, producing appreciable discomfort to the mucous mem- 
brane of the nose and to the skin which dries up and becomes chapped 
from too rapid loss of moisture. According to the comfort experiments 
first conducted at the A.S.H.V.E. Laboratory^® in the U, S. Bureau of 
Mines, Pittsburgh, and later studies at the Harvard School of Public 
Health^^ in Boston, effective temperature appears to be a fair index of 
comfort also, particularly within a humidity range of 30 to 60 per cent, 
approximately. 


^^Determining Lines of Equal Comfort, by F. C. Houghten and C. P. Yagloglou (A.S.H,V.E. Trans- 
actions. Vol. 29, 1923, p. 361). 

“Cooling Effect on Human Beings by Various Air Velocities, by F. C. Houghten and C. P. Yag^og^Lot 
(A.S.H.V.E. Transactions, VoL 30, 1924, p. 193). 

“JEffective Temperature with Clothing, by C. P. Yagloglou and W. E. Miller (A.S.H.V.E. Trans- 
actions, Vol. 31, 1925, p. ^). 

“Determination of the Comfort Zone With Further Verification of Effective Temperatures Within This 
Zone, by F. C. Houghten and C. P. Yag^og^u (A^H.V.E. Transactions, VoL 29, 1923, p. 361). 

Summer Comfort Zone; Climate and Clothing, by C. P. Yagiou and Philip Drinto 
(A.S.H.V.E. Transactions. V<^ 35. 1^>. 
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Definition of Effective Temperature 

Briefly, effective temperature may be defined as an arbitrary” index of the 
degree of warmth or cold felt by the human body in response to tempera- 
ture, humidity, and movement of the air. Effective temperature is not a 
true temperature of the air but an index which combines temperature, 
humidity and air motion in a single value. The numerical value of the 
effective temperature index for any given air condition is fixed by the 
temperature of saturated air which, at a velocity or turbulence of 15 to 
25 fpm, induces a sensation of warmth or cold like that of the given 
condition. - Thus, any air condition has an effective temperature of 
65 deg when it induces a sensation of warmth like that experienced in 
practically still air at 65 F saturated with moisture. 

In all reports of the A.S.H.V.E. Research Laboratory, the term still air 
signifies the minimum air movement it was possible to obtain in the 
Laboratory’s psychrometric chamber. Actually, the air motion was 
between 15 and 25 fpm in all experiments, without qualification, as 
measured by the Kata thermometer. This was not a linear movement of 
air but it represented the turbulence or eddy currents produced by the air 
change. Even in tightly sealed rooms, the natural air movement is not 
likely to fall below 10 fpm so long as there is a temperature or pressure 
difference between the air inside and that outside the room. 

Fig. 1 shows the results obtained at the A.S.H.V.E. Research Labora- 
tory in a single chart, the so-called thermometric chart. The equivalent 
conditions or effective temperature lines are shown by the short cross- 
lines. The difference between the effective temperature for still air and 
for moving air, of any velocity, represents the cooling resulting from that 
air velocity. This thermometric chart applies to average normal and 
healthy persons adapted to American living and working conditions. It 
is limited to sedentary or light muscular activity, and to rooms heated by 
the usual American convection methods (warm air, central fan and direct 
hot water and steam heating systems) in which the difference between the 
air and wall surface temperatures may not be great. The chart does not 
apply to rooms heated by radiant methods such as the British panel 
system, open coal fires, and the like. It will probably not apply with 
adequate accuracy to races other than the white or perhaps to inhabi- 
tants of other countries where the living conditions, climate, heating 
methods, and clothing are materially different from those of the 
subjects employed in experiments at the Research Laboratory. 

If an occupant of a room loses heat by radiation to large wall or glass 
surfaces at lower temperatures, the air within the room must be main- 
tained at a higher temperature to compensate for this effect in order to 
give the same feeling of warmth. The results of a recent study by the 
A.S.H.V.E. Laboratory, shown in Fig. 2, indicate that in pobrly insulated 
buildings this effect may become of considerable importance. Thus an 
occupant of a room having inside wail surface temperatures of 55 F on 
three sides will require an air temperature of /4 F to have the same feeling 
of warmth he would experience in a warm-wall room with air at 70 F. A 
wall consisting of 8-in. brick and plaster, with 16 F outside air tempera- 


^®Cold Walls and Their Relation to the FeeKng of Warmthi by F. Ci HbiightSe^ ar|(r Paul McDermott 
(A.S.H.V.E. Journal Section, Piping and Ah- CandUioningt lanuiaryi‘4933’ p; 5»)". ' • ^ • 
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ture and 70 F inside air temperature, will have an inside surface tem- 
perature of 55 F. The reverse effect will be experienced by occupants of 
rooms having extensive high-temperature surfaces in them. In such 
cases, a lower air temperature is required to compensate for heat radiated 
to the occupant. 

The effective temperature index for persons doing medium or heavy 
muscular work, in still air, has also been determined at the A.S.H.V.E. 
Research Laboratory^®. 



Fig, 2. Correction to Various Dry-Bulb Temperatures in a Warm-Wall Room 
FOR THE Same Feeling of Warmth in Rooms Having Three Cold Walls. 
Temperatures Indicated by Shielded Thermometers 30 in. Above the Floor 


OPTIMUM AIR CONDITIONS 

No single comfort standard can be laid down which would meet every 
need. There is an inherent individual variation in the sensation of 
warmth or comfort felt by persons when exposed to an identical atmos- 
pheric condition. The state of health, age, sex, clothing, activity, and 
the degree of acquired adaptation seem to be the important factors 
affecting the comfort standards. 

Since the prolonged effects of temperature, humidity and air move- 
ment on health are not Imown to the same extent as their effects on com- 
fort, the optimum conditions for health may not be identical with those 
for comfort. On general physiologic grounds, however, the two do not 
differ greatly since this is in accordance with the efficient operation of the 
heat regulating mechanism of the body. This belief is strengthened by 


^Effective Temperature for Persons Lightly Clothed and Working in Still Air, by F. C. Houghten. 
W. W. Teague and W. E. Miller (A.aH.V.E. Transactions, Vol. 32, 1926). 
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results of studies on premature infants over a four-year period^®. By 
adjusting the temperature and humidity so as to stabilize the body tem- 
perature of these infants, the incidence of diarrhoea and mortality was 
decreased, gains in body weight increased and infections were reduced 
to a minimum. 

Comfort Chart; Comfort Line; Comfort Zone 

Fig. 3 shows a comfort chart, developed at the A.S.H.V.E. Laboratory, 
on which the average and extreme comfort zones have been superimposed. 
The extreme comfort zone includes air conditions in which one or more of 
the experimental subjects were comfortable. The average comfort zone 
includes those air conditions in which the majority of the subjects (50 per 
cent or more) were comfortable. That particular effective temperature 
at which the maximum number of subjects was comfortable was called 
the comfort line. 

The average winter comfort zone as determined at the A.S.H.V.E. 
Laboratory ranges from 63 deg to 71 deg ET (effective temperature). 
In winter while at rest, a large percentage of persons normally clothed 
were found to be comfortable at 66 deg ET and this temperature has been 
accepted by a committee of the Society^^ as the winter comfort line or 
optimum effective temperature. 

The comfort line separates the cool air conditions to its left from the 
warm air conditions to its right. Under the air conditions existing along 
or defined by the comfort line, the body is able to maintain thermal 
equilibrium with its environment with the least conscious sensation to the 
individual, or with the minimum phsyiologic demand on the heat regulat- 
ing mechanism. This environment involves not only the condition of the 
air with respect to temperature and humidity, but also the condition of 
the surrounding objects and wall surfaces. The comfort zone tests were 
made in rooms with wall surface temperatures approximately the same as 
the room dry-bulb temperature. For walls of large area having unusually 
high or low surface temperatures, however, a somewhat lower or higher 
range of effective temperature is required to compensate for the increased 
gain or loss of heat to or from the body by radiation^. 

The average summer comfort zone for exposures of 3 hours or more 
ranges from about 66 deg to 75 deg ET, based on studies made at the 
Harvard School of Public Health^^. The probable optimum effective 
temperature (for exposures of 3 hours or more) is 71 deg. These effective 
temperatures average about 4 deg higher than those found in winter when 
customary winter clothing was worn. The variation from winter to 
summer is probably due partly to adaptation to seasonal weather and 
partly to differences in the clothing worn in the two seasons. 

The best effective temperature (for exposures lasting 3 hours or more) 
was found to follow the average monthly outdoor temperature more 
closely than the prevailing outdoor temperature. It remained at approxi- 


»Ai>plicatian of Air Ctmditioning to Premature Narseries in Hospitals, by C. P. Yaglou, Pbilip Drinker 
and K. D. Blackfan (A.S.H.V.E. TransactiosNS, VoL 36, 1930). 

21H0W to Use the Effective Temperatirre Index and Comfort Charts (A.S.H.V.E. Transactions, 
Vd. 38, 1932). 

2»CoM Walls and Thdr Rdiation to the FedSng Warmth, by F. C. Honghten and Paul McDmnott 
(A.S.H.V.]^ Jounml Section, IHpmg and Air Conditiomng, January, 1933, p. 53). 
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Fig, 3. A.S.H.V.E. Comfort Chart for Air Velocities of 15 to 25 fpm (Still Air)^! 

Note . — Both summer and winter comfort zones apply to inhabitants of the United States only. Applica- 
tion of winter comfort line is further limited to rooms heated by central station systems of the convection 
type. The line does not apply to rooms heated by radiant methods. Application of summer comfort line 
is limited to homes, offices and the like, where the occupants become fully adapted to the artificial air con- 
ditions. The line does not apply to theaters, department stores, and the like where the exposure is less than 
3 hours. 


mately the same value in July, August and September, and although the 
average monthly temperature did not vary much, the prevailing outdoor 
temperature ranged from 70 F to 99.5 F. A decrease in the optimum 
temperature became apparent only when the prevailing outdoor tempera- 
ture fell to 66 F, which is below the customary room temperature in the 
United States for summer and winter. 

, Young men as a general rule prefer conditions in the cool region of the 
comfort zone, and women, arid older people-, in the warni > region . of the 
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comfort zone. Crowding the experimental chamber lowered the optimum 
effective temperature from 70.8 deg when the gross floor area per occupant 
was 44 sq ft and the air space 380 cu ft, to 69.4 deg when the floor area 
was reduced to 14 sq ft and the air space to 120 cu ft per occupant. 

In the comfort zone experiments of the A.S.H.V.E. Research Labora- 
tory, the relative humidity was varied between the limits of 30 and 70 per 
cent approximately, but the most comfortable range has not been deter- 
mined. In similar experiments at the Harvard School of Public Health, a 
relative humidity of 70 per cent was found to be somewhat humid in winter, 
by about half of the subjects who were stripped to the waist, even when 
the dry-bulb temperature was 70 F or less. In summer, a relative humi- 
dity of 30 per cent was pronounced as a little too dry by about a third of 
the subjects wearing warm-weather clothing. So long as the temperature 
was kept within proper limits, the majority of the subjects were unable to 
detect sensations of humidity (Le., too high, too low, or medium) when 
the relative humidity was between 30 and 60 per cent. This is in accord 
with studies by HowelP, Miura^^ and others. 

Dry air produces an excessive loss of moisture from the skin and respira- 
tory tract. Owing to the cooling effect of evaporation, higher tempera- 
tures are necessary, and this condition leads to discomfort and lassitude. 
Moist air, on the other hand, interferes with the normal evaporation of 
moisture from the skin, and again may cause a feeling of oppression and 
lassitude, especially when the temperature is also high. 

Just what the optimum range of humidity is, is a matter of conjecture. 
There seems to exist a general opinion, supported by some experimental 
and statistical data, that warm, dry air is less pleasant than air of a 
moderate humidity, and that it dries up the mucous membranes in such 
a way as to increase susceptibility to colds and other respiratory dis- 
orders25- 27 , 

For the premature infant, a high relative humidity of about 65 per cent 
is demonstrably beneficial to health and growth^®, and according to 
Huntington^, this seems to be the case for adults also. All of these 
studies indicate that the optimum humidity must always be considered 
in combination with temperature. 

Until more exact information is secured, it would be desirable to restrict 
the comfort zones to the range of relative humidity employed in the 
comfort zone experiments, namely, 30 to 70 per cent. Relative humidities 
below 30 per cent may prove satisfactory from the standpoint of comfort, 
so long as extremely low humidities are avoided. From the standpoint of 
health, however, the consensus seems to favor a relative humidity between 


s^Humidity and Comfort, by W. H. Howell {The Science Press, April, 1931). 

2<Effect of Variation in Relative Humidity upon Skin Temperature and Sense of Comfort, by U* Miura 
(American Journal of Hygiene, Vol. 13, 1931, p. 432). 

“Reactions of the Nasal Cavity and Post-Nasal Space to Chilling of the Body Surface, by Mudd, Stuart, 
et al (Journal Experimental Medicine, 1921, Vol. 34, p. 11). 

“Reactions of the Nasal Cavity and Post-Nasal Space to Chilling of the Body Surfaces, by A. Goldman, 
et al and Concurrent Study of Bacteriology of Nose and Throat (Journal Infectious Diseases, 1921, Vol. 29, 
p. 151). 

“^The Etiology of Acute Inflammations of the No^, Pharynz and Tonals, by Mudd, Stuart, et al (Am. 
Otol., RhinoL, and LaryngoL, 1921). 

“Application of Air Conditioning to Premature Nursmes in Hospitals, by C. P. Yaglou, Philip Drinker 
and K. D. Blackfan (A.S.H.V.E. Transactions. VoL 36. 1930). 

“Weather and Health, by Ellsworth Huntington (Bulletin of the National Res^rch Council No. 75. 
The National Academy of Science, Washington, D. C-, 1930). 
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40 and 60 per cent. In mild weather such comparatively high relati\-e 
humidities are entirely feasible, but in cold or sub-freezing weather they 
are objectionable on account of condensation and frosting on the windows. 
They may even cause serious damage to certain building materials of the 
exposed walls by condensation and freezing of the moisture accumulating 
inside these materials. Unless special precautions are taken to properly 
insulate the affected surfaces, it will be necessary to reduce the degree of 
artificial humidification in sub-freezing weather to less than 40 per cent, 
according to the outdoor temperature. Information on the prevention of 
condensation on building surfaces is given in Chapter 7. The principles 
underlying humidity requirements and limitations are discussed more 
fully elsewhere®". 

The comfort chart (Fig. 3) applies to adults between 20 and 70 years 
of age living in the northeastern parts of the United States. For pre- 
maturely born infants, the optimum temperature varies from 100 F to 
75 F, depending upon the stage of development. The optimum relative 
humidity for these infants is placed at 65 per cent. _ No data are yet 
available on the optimum air conditions for full term infants and young 
children up to school age. Satisfactory air conditions _ for these age 
groups are assumed to vary from 75 F to 68 F with natural indoor humidi- 
ties. For school children, the studies of the New York State Commission 
on Ventilation place the optimum air conditions at 66 F to 68 F tempera- 
ture with a moderate humidity (not specifi^) and a moderate but not 
excessive amount of air movement (not specified)®^ 

Satisfactory comfort conditions are found to vary from 40 deg to 70 deg 
ET, depending upon the rate of work and amount of clothing worn. The 
effective temperatures giving maximum comfort for persons working have 
been determined by the A.S.H.V.E. Research Laboratory®® for a rate of 
work which is considered hard labor. For this degree of work, 50 per cent 
were fairly comfortable for temperatures ranging from 46 to 64 deg ET, 
while the greatest percentage found maximum comfort at 53 deg ET. 
In hot industries, 80 deg ET is considered the upper limit compatible 
with efficiency, and, whenever possible, this should be reduced to 70 deg 
ET or less. 

APPLICATION OF COMFORT CHART 

The average winter comfort line (66 deg ET) applies to average 
American men and women living inside the broad geographic belt across 
the United States in which central heating of the convection type is 
generally used during four to eight months of the year. It does not apply 
to rooms heated by radiant energy, or to rooms with excessive glass area 
or rooms with poorly insulated or cold walls, and it has not been advocated 
officially for use in foreign countries where the climate, heating methods, 
and general living conditions are materially different from those in the 
United States, although several foreign workers have attempted to show 
that it cannot be so applied. Even in the warm south and southwestern 


»>Humidification for Residences* by A. P. Kratz {University of Illinois Engineering Experiment Station 
Buliain No. 230, July 28, 1931). 

^Ventilation. Report of the New York State Commission on Ventilation, 1923. 

“A.S.H.V.E. research paper entitled Heat and Moisture Losses from Men at Work and Application to 
Air Conditioning' Problems, by F. C. Houghten, W. W. Teague, W. E. Miller and W. P. Yant (A.S.H.V.E. 
Transactions, Vol. 37, 1931), 
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climates, and in the ver\’ cold north-central climate of the United States, 
the comfort chart would probably have to be modified according to 
climate, living and working conditions, and the degree of acquired 
adaptation. 

In densely occupied spaces, such as classrooms, theaters and audi- 
toriums, somewhat lower temperatures are necessaiy^ than those indicated 
by the comfort line on account of counter-radiation between the bodies of 
occupants^- in close proximity. In rooms in which the average wall 
surface temperature is considerably below the air temperature, higher air 
temperatures are necessar\\ The reverse holds true in radiant or panel 
heating methods. (See Chapter 38.) 

The sensation of comfort, in so far as the physical environment is con- 
cerned, is not absolute but varies considerably among certain individuals. 
Therefore, in applying the air conditions indicated by the comfort line, 
it should not be expected that all the occupants of a room will feel per- 
fectly comfortable. When the winter comfort line is applied in accordance 
with the foregoing recommendations, the majority of the occupants will 
be perfectly comfortable, but there will always be a few who would feel 
a hit too cool and a few a hit too warm. These individual differences among 
the minority should be counteracted by suitable clothing. 

Air conditions lying outside the average comfort zone but within the 
extreme comfort zone may be comfortable to certain persons. In other 
words, it is possible for half of the occupants of a room to be comfortable 
in air conditions outside the average comfort zone, but in the majority of 
cases, if not in all, these conditions will be well within the extreme comfort 
zone as determined experimentally. 

Strictly speaking, the only authoritative comfort zone on which accur- 
ate data are available, is that for 15 to 25 fpm air movement or tur- 
bulance (often referred to as still air). In the past, the winter comfort 
zone has often been superimposed on the thermometric chart or on effec- 
tive temperature charts for various air velocities, on the assumption that 
air conditions of equal warmth are approximately equally comfortable. 
This may hold in hot industries where the workers are adapted to high 
temperatures and strong air currents, but it does not apply to sedentary 
conditions. To ascertain approximately whether a given industrial con- 
dition is reasonably comfortable, it would be necessary first to compute 
the effective temperature from the thermometric chart (Fig. 1) and then 
to refer this effective temperature to the comfort chart (Fig. 3), or to 
refer directly to a chart or table for the proper air velocity. 

The summer comfort line (71 deg ET) is applicable to the same geo- 
graphic area as the winter comfort line. It is further restricted to cases in 
which the human body has reached thermal equilibrium with its environ- 
ment. As a general rule this takes place after 13^ to 3 hours' exposure. 
When a person from outdoors enters a room cooled to 71 d^ ET on a hot 
day (95 F or over) an intense chill is likely to be experienced which is 
unpleasant. However, after remaining in the room for about 2 hours, 
this fundamental optimum condition wUl prove satisfactory to the average 
person. The summer comfort zone, as well as the comfort line, makes 
proper allowance for these adaptive changes in the body, and thus applies 
to hom^, offices, schools and other ^milar places where persons of 
sedentary occupations spoid from 3 to 8 or more hours daily. 
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In artificially cooled theaters, department stores, restaurants, and other 
public buildings where the period of occupancy is short, the contrast 
between outdoor and indoor air conditions becomes the deciding factor in 
regard to the temperature and humidity to be maintained. The object of 
cooling such places in the summer is not to reduce the temperature to the 
optimum degree, but to maintain therein a temperature which is tem- 
porarily comfortable to the patrons who thus avoid sensations of chill and 
intense heat on entering and leaving the building. The relative humidity 
should be low enough (about 50 per cent or less) to give a sense of comfort 
without chill and to induce a rate of evaporation which will keep clothing 
and skin dry. For exposures less than 3 hours, desirable indoor conditions 
in summer corresponding to various outdoor temperatures are gi\ en in 
Table 2. 

It should be kept in mind that southern people, with their more sluggish 
heat production and lack of adaptability, will demand a comfort zone 
several degrees higher than those given here for the more active people of 

Table 2. Desirable Indoor Air Conditions in Summer Corresponding 
TO Outdoor Temperatures 

Applicable to Exposures Less Than 3 Hours 


Outdoor Temperature 
(Deo Fahr) 

Indoor .4.ib Conditions with Dew Point 

Constant at 57 F 

Drt-Bulb 

Det-Bulb 

Wet-Bulb 

Eppbctive Temp 

95 

80.0 

65.0 

73 

90 

78.0 

64.5 

72 

85 

76.5 

64.0 

71 

80 

75.0 

63.5 

70 

75 

73.5 

63.0 

69 

70 

72.0 

62.5 

68 


northern climates. Instead of the summer comfort line standing at 
71 deg as here given, it was found to be much higher for foreigners in 
Shanghai where climatic conditions are similar to those of our gulf 
states. This difference in basic metabolic level of people forms a very 
real problem for air conditioning engineers, which they must recognize in 
their efforts to give proper conditions of comfort. Cooling of theaters, 
resturants, and other public buildings in southern climates cannot be 
based on northern standards without considerable modification. 

A.S.H.V.E. VENTILATION STANDARDS^^ 

It is the intent of the Committee in presenting this report to confine itself to a statement of those 
requirements which, based on present day knowledge, will provide adequate ventilation for 
spaces intended for human occupancy. The following standards shall apply to all spaces 
occupied by human beings in all buildings for which ventilation regulations are to be established. 


®®Report of A.S.H.V.E. Committee on Ventilation Standards consisting of W. H. Driscoll, Chairman, 
J- J. Aeberly, F. Paul Anderson, L, A. Harding, D. D. Kimball, J. R. McColl, C. L. Riley, W. A. Rowe, 
Perry West and A. C. Willard, presented at the Semi-Annual Meeting of the Society, Milwaukee. Wis., 
June, 1932, and adopted by the Society in August, 1932. 
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SECTION 1— AIR TEMPERATURE AND HUMIDITY 

The temperature and humidity of the air in such occupied spaces, and in which the only 
source of contamination is the occupant, shall be maintained at all times during occu- 
pancy at an Effective Temperature, as hereinafter stated. 

The relative humidity shall be not less than 30 per cent, nor more than 60 per cent in 
any case. The^ Effective Temperature shall range between 64 deg and 69 deg when 
heating or humidification is required, and between 69 deg and 73 deg when cooling or 
dehumidification is required. 

These Effective Temperatures shall be maintained at a level of 36 in. above the floor. 
(See Appendix, Tables A and B). 

SECTION II— AIR QUALITY 

_ The air in such occupied spaces shall at all times be free from toxic, unhealthful or 
disagreeable gases and fumes and shall be relatively free from odors and dust. 

In every space coming wdthin the provisions of these requirements and in which the 
quality of the air is below the standards prescribed by good medical and engineering 
practices, due to toxic substances, bacteria, dust, excessive temperature, excessive 
humidity, objectionable odors, or other similar causes, means for ventilating shall be 
provided so that the quality of the air shall be raised to these standards. 

SECTION III— AIR MOTION 

The air in such occupied spaces shall at all times be in constant motion sufficient to 
maintain a reasonable uniformity of temperature and humidity, but not such as to cause 
objectionable drafts in any occupied portion of such spaces. 

The air motion in such occupied spaces, and in which the only source of contamination 
is the occupant, shall have a velocity of not more than 50 feet per minute, measured 
at a height of 36 in. above the floor. 

SECTION IV— AIR DISTRIBUTION 

The air in all rooms and enclosed spaces shall, under the provisions of these requ're- 
ments, be distributed with reasonable uniformity, and the variation in the carbon dioxide 
content of the air shall be taken as a measure of such distribution. 

The air in a space ventilated in accordance with these requirements, and in which the 
only source of contamination is the occupant, shaU be distributed and circulated so that 
the variation in the concentration of carbon dioxide, when measured at a height of 
36 in. above the floor, shall not exceed one part in 10,()00. 

SECTION V— AIR QUANTITY 

The quantity of air used to ventilate the given space during occupancy shall always 
be sufficient to maintain the standards of air temperature, air quality, air motion and air 
distribution as herein required. Not less than 10 cubic feet per minute per occupant of 
the total air circulated to meet these requirements shall be taken from an outdoor source. 

APPENDIX 

Definitions 

For the purposes of these standards the terms used shall be defined as follows: — 

Ventilation : The process of supplying or removing air by natural or mechanical means, to or from any 
space. Such air may or may not have been conditioned. (See Air Conditioning. 

Air Conditioning: The simultaneous control of all or at least the first three of those factors affecting 
both the physical and chemical conditions of the atmosphere within any structure. These factors include 
temperature, humidity, motion, distrib^on, dust, bacteria, odors, toxic gases, and ionization, most of 
which affect in greater or lesser degree human health or comfort. 

Dry-Bulb Temp>erature: The temperature of the air which is indicated by any type of thermometer 
which is not affected by the water vapor content or relative humidity of the air. 

Dust: SoKd material in a finely divided state, the i>articles of which are large and heavy enough to fall 
with increasing velocity, du^ to gravity in still air. For instance, particles of fine ^nd or grit, such as are 
blown on a windy day, the average diameter erf which is approximately 0.01 centimeter, may be called dust. 

Effective Temperature: An arbitrary index of the degree of warmth or cold felt hy the human body 
in response to temperature, humidity, and movement of the air. Effective temperature is a composite 
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index which combines the readings of temperature, humidity, and air motion into a single value. The 
numerical value of the effective temperature scale has been fixed by the temperature of saturated air which 
induces an identical sensation of warmth. 

Humidity: The water vapor (either saturated or superheated steam) occupying any space, which may 
or may not contain other vapors and gases at the same time. 

Relative Humidity: A ratio, although usually expressed in per cent, used to indicate the degree of 
saturation existing in any given space resulting from the water vapor present in that space. The presence 
of air or other gases in the same space at the same time has nothing to do with the relative humidity of 
the space, which depends merely on the temperature and partial pressure of the vapor. 

Spaces in Which the Only Source of Contamination Is the Occupant: Spaces in which the 
atmospheric contamination results entirely from the respiratory processes of the occupant, including heat, 
moisture, and odors given off by the body. No manufacturing or industrial processes or other sources of 
atmospheric contamination, including heat and moisture, than people are considered under this title. 


Table A. Effective Temperatures Ranging from 64 Deg to 69 Deg for Various Dry-Bl'lb Tem- 
peratures AND Relative Humidities for Still Air for Persons 
Normally Clothed and Slightly AcTivEa 


(For use when heating or humidification is required) 


Dry- Bulb 

Relative Humidities (Per Cent) 

Temperatures 

30 

35 

40 

45 

50 

55 

60 

(Deg Fahr) 









Effective Temperatures (Degrees) 

67 






64.0 

64.3 

68 



64.0 

64.2 

64.5 

64,8 

65.1 

69 

64.1 

64.4 

64.8 

65.1 

66.4 

65.7 

66.0 

70 

64.8 

65.1 

65.4 

65.8 

66.2 

66.5 

66.8 

71 

65.5 

65.8 

66.2 

66.6 

67.0 

67.3 

67.7 

72 

66.2 

66.5 

66.9 

67.3 

67.7 

68.1 

68.5 

73 

67.0 

67.3 

67.7 

68.1 

68.5 

68.9 


74 

67.7 

68.0 

68.4 

68.8 




75 

68.4 

68.7 






76 

69.0 








aSee Fig. 3. 


Table B. Effective Temperatures Ranging from 69 Deg to 73 Deg for Various Dry-Bulb Tem- 
peratures AND Relative Humidities for Still Air for Persons 
Normally Clothed and Slightly AcxivEa-b 

(For use when cooling or dehumidification is required) 


Dry-Bulb 

1 Relative Humidities (Per Cent) 

Temperatures 

30 

1 35 

1 40 

1 45 

50 

55 

60 

(Deg Fahr) 










Effective Temperatures (Degrees) 

73 







69.3 

74 





69.3 

69.7 

70.1 

75 



69.1 

69.5 1 

70.0 

71.5 

71.0 

76 1 

69.0 

69.4 

69.9 

70.5 

70.8 

71.3 

71,8 

77 

69.7 

70.2 

70.7 

71.2 

71.6 

72.1 

72.6 

78 

70.4 

70.9 

71.4 

71.9 

72.4 

73.0 


79 1 

71.1 

71.6 

72.2 

72.6 




80 

71.8 

72.4 

72.9 





81 

72.5 








aSee Fig. 3. 

bThis table applies primarily to cases in which the human body has reached equilibrium with the sur- 
rounding air. A higher plane of summer effective temperatures is required in places of public assembly 
where the period of occupancy is short, than is required for offices and industrial plants where the period of 
occupancy iaj>f longer duration. When the period of oa:upancy is two hours or less, the dry-bulb tempera- 
ture shall be 72 F plus one-third of the difference between the outside dry-bulb temperature and 70 F, and 
the relative humidity shall not exceed 60 per cent. (See also Table 2.) 
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FACTORS INFLUENCING APPLICATIONS 

The conditions and limitations outlined under the heading Application 
of Comfort Chart should be noted in applying the temperatures and 
relative humidities specified in Tables A and B of the preceding 
A.S.H.V.E. Ventilation Standards. 

Air Quality 

In occupied spaces in which the vitiation is entirely of human origin, 
the chemical composition of the air, the dust, and bacteria content may be 
dismissed from consideration so that the problem consists in maintaining 
a suitable temperature with a moderate humidity, and in keeping the 
atmosphere free from objectionable odors. Such unpleasant odors, 
human or otherwise, can be easily detected by persons entering the room 
from clean, odorless air. A further discussion of air quality will be found 
in Chapters 15 and 16. 

Air Motion 

As a result of studies by Baetjer^^ and work carried on by the A.S.H.V.E. 
Research Laboratory, it is now recognized that the importance of air 
motion in air conditioning ranks only second to temperature. Air in an 
occupied space having all the other essential qualities but lacking in air 
motion feels stagnant, stuffy, and depressing, because the vitiated air 
next to the body is not replaced by the surrounding air possessing the 
satisfactory qualities. Hence, air motion is absolutely essential that an 
occupant may realize the other desired qualities of the atmosphere. 
Possible limits in variation in air motion may range from 5 fpm to 50 fpm, 
as measured by the Kata thermometer. (See Chapter 40.) However, 
satisfactory results are more likely to be insured by air velocities ranging 
from 15 to 30 fpm. The limit of 5 fpm may be taken as the minimum 
during the heating season, and 50 fpm as the maximum for the cooling 
season. 

Air Distribution 

Variation in concentration of carbon dioxide in different parts of an 
occupied room has been used as a measure of satisfactory distribution of 
the outside or conditioned air supply. For satisfactory air distribution, 
the carbon dioxide concentration at the 36-in. level should not vary by 
more than one part in 10,000 parts of air. Recent work^ by the A.S.H.V.E. 
Research Laboratory demonstrates that variations in dry-bulb tempera- 
ture, wet-bulb temperature, or moisture content of the air are equally 
good indices of air distribution. This work also indicates that the 
presence of satisfactory air motion within the room (15 to 30 fpm as 
measured by the Kata thermometer) insures satisfactory distribution. 
Because of the laborious and exacting technique involved in making 
carbon dioxide determinations, it is recommended that satisfactory 
distribution can be amply insured by the presence of such air velocities in 
all parts of the room together with dry-bulb temperature variations of not 
to exceed 3 deg at the 36-in. level. 


**Threshiald Air Currents in VentiMtion (Amertcan Journal of Hygiene^ Vol. IV, No. 0, p. 650, 1924). 
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Air Quantity 

The quantity of air to be circulated through an occupied space, whether 
by natural or mechanical means, or whether the air is conditioned or not, 
rnust in all cases be sufficient to maintain the required standards of air 
temperature, quality, motion and distribution. The factors which deter- 
mine air quantity include the type and nature of the building, locality, 
climate, height of rooms, floor area, window area, extent of occupancy, 
and last but not least, the method of distribution. 

The quantity of air supplied to a room by an air conditioning or venti- 
lating system serves two purposes: First, the supply of sufficient outside 
air for the needs of the occupants; and second, the setting up of circulation 
or air motion within the room. Until recently it was considered that 
30 cfm were necessar>^ in any occupied space, particularly in a classroom. 
It has since been demonstrated that 10 cfm^ of outside air per person is 
frequently sufficient to remove body heat, insure against body odors, 
and provide the chemical needs of respiration. However, it is found 
that a greater volume should be circulated in the average room in 
order to provide the required air motion. It is now customary to supply 
the minimum amount of outside or conditioned air required for removing 
heat and odors, and to recirculate the additional volume. 

In offices and small rooms where the occupants smoke, from 6 to 7 cfm 
of outside air per occupant will be necessary to eliminate the nuisance 
effects of the smoke ; this quantity of air, however, may be a part of that 
necessaIy^for other ventilation requirements. Restaurants which permit 
smoking, because of the exposed food and the necessity that restaurant 
air seem very^ clean, need from 10 to 12 cfm of outside air per occupant to 
care for the smoke condition. This air, likewise, need not be in addition 
to that required for other ventilation purposes. 

Temperature Rise 

The total quantity of air introduced is governed largely by the needs 
for controlling temperature and humidity when either heating or cooling 
is required. As a rule, the introduction and distribution of warm air into 
an occupied space does not present as many difficulties as does the intro- 
duction of cold air. The former is determined from the amount of heat to 
be given up to the space, and the latter is determined from the amount of 
heat to be removed from the space, using a temperature rise that will 
produce uniform distribution without the production of disagreeable 
drafts. 

Fig. 4 shows the changes in carbon dioxide concentration and moisture 
content resulting from occupation, in the atmosphere of a room supplied 
with various volumes of outside air. Data are given for an adult, 5 ft 
8 in. in height weighing 150 pounds and having a body surface area of 

19.5 sq ft, and for a child, 12 years of age, 4 ft 7 in. in height, weighing 

76.6 pounds and having a body surface area of 12.6 sq ft. It is a recognized 
fact that the dissipation of heat and moisture to the atmosphere, the 
addition of carbon dioxide, and all metabolic changes take place in pro- 
portion to the surface area of the individual. Hence, data for persons of 
other sizes may be obtained by interpolating among the curves given. 
The rate of sensible heat production is given in Fig. 7. Fig. 4 also gives 
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the temperature of the incoming air necessan,^ to maintain a room tem- 
perature of either 70 or 80 F as indicated, assuming that there is no heat 
gain or loss to the room by transmission through the walls, solar radiation 
or other sources. 



RATE OF AIR SUPPLY 
CUBIC FEET PER MINUTE PER OCCUPANT 


Fig. 4. Relation Among Rate of Air Change per Occupant, Carbon Dioxide 
Concentration and Moisture Content of Enclosure, and Dry-Bulb 
Temperature of_ Incoming Air 

Two of the most important factors on which the temperature rise 
depends are (1) the method of distribution and (2) the most economical 
temperature rise for the conditions involved. Some systems of distri- 
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bution produce drafts with but a few degrees temperature rise, while 
other systems operate successfully with a temperature rise as high as 
35 deg. The total air quantity introduced in any particular case is 
inversely proportional to the temperature rise, and depends largely upon 
the judgment and ingenuity of the engineer in designing the most suitable 
system for the particular conditions. Small quantities of air reduce the 
size of equipment, ducts, space, and initial cost, but require lower air 
temperatures. In any specific case, the cost of refrigeration must be 
balanced against the extra cost in increased size of equipment and 
running expense. 

Outside Air, In order to pro\dde uniform temperature conditions, it 
is necessary to maintain a pressure of about 0.1 in. of water in the room or 
space to be ventilated or conditioned. This usually requires the intro- 
duction of a certain amount of outside air which depends on the particular 
conditions involved, and may vary over a considerable range. 

In rooms in which the only source of contamination is the occupant the 
minimum quantity of outside or new air to be circulated appears to be 
that necessary to remove objectionable body odors. The concentration of 
body odors in turn depends largely upon the temperature of the air ; the 
higher the temperature, the greater the amount of perspiration (sensible 
or insensible) given off from the skin, and the greater the concentration 
of odors. 


NATURAL AND MECHANICAL VENTILATION 

Under favorable conditions natural ventilation methods properly 
combined with means for heating may be sufficient to provide for the 
foregoing standards. As a rule, in instances in which the only source of 
contamination is the occupant, the requirements may be fulfilled when 
the following conditions prevail: 

1. At least 50 sq ft of floor area for each occupant. 

2. At least 500 cu ft of air space per occupant. 

3. Effective openings in windows and skylights equal to at least 5 per cent of the 
floor area. 

Whenever natural means are not sufficient to maintain the standards, 
resort must be made to whatever modifications or mechanical apparatus 
are necessary to secure such standards. 

In large offices, large school rooms, and in public and industrial build- 
ings, natural ventilation is uncertain and makes heating difficult. The 
chief disadvantage of natural methods is the lack of control: they depend 
largely on weather and upon the velocity and direction of the wind. 
Rooms on the windward side of a building may be difficult to heat and 
ventilate on account of drafts, while rooms on the leeward side may not 
receive an adequate amount of air from out of doors. The partial vacuum 
produced on the leeward side under the action of the wind may even 
reverse the flow of air so that the leeward half of the building has to take 
the drift of the air from the rooms of the windward half. Under such 
conditions no outdoor air would enter through a leeward window opening, 
but room air would pass out. 

In warm weather natural methods of ventilation afford little or no 
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control of indoor temperature and humidity. Outdoor smoke, dust and 
noise constitute other limitations of natural methods. 

RECIRCULATION 

The saving in operating costs due to recirculation of the air, while very 
considerable, must not be obtained at the expense of air quality. The 
percentage of recirculated air may be varied to suit the seasonal changes 
so as to tynserv’e heat in winter and refrigeration in summer, but at no 
time during occupancy should there be taken from out of doors less than 
10 cfm for each occupant. As a general rule, recirculation impairs the 
quality of the air by excessive humidity (if not conditioned), excessive 
odors, or both, and it tends to deprive the air of its ionic content, but 



(Cubical Contents of Room, 10,000 Cu Ft; Number of Occupants, 34) 


the influence of this factor on comfort and health is at present a matter 
of speculation. 

Toilets, kitchens, and similar rooms, in buildings using recirculation, 
should be separately mechanically ventilated by exhausting the air from 
them in order to prevent objectipnable odors from diffusing into other 
parts of the building. 

ULTRA-VIOLET RADIATION AND IONIZATION 

In spite of the rapid advances made in the field of air conditioning 
during the past few years, the secret of reproducing, in indoor spaces, 
atmospheres of as stimulating qualities as those existing outdoors in the 
country, under ideal weather conditions, has not as yet been found. In 
fact, extensive studies have failed to elucidate the cause of the stimulating 
quality of outdoor country air, qualities which are lost when such air is 
brought indoors and particularly when it is handled by mechanical 
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Table 3. Relation Between Metabolic Rate and Activitys^ 


1 

.\CTIVITT ' 

Metabolic Rate Btc 
PEB Hour por Average ^ 
Man (19.5 So Ft Sitr- 
PACE Area) 

.\CTHORITT 

Seated at rest ! 

i 384 1 

j Research Laboratory, American Society of 
Heating and Ventilating Engineers. 

Standing at rest 

431 1 

i 

Research Laboratory, American Society of 
Heating and Ventilating Engineers. 

Walking 2 mph — 

; 761 I 

1 1 

> Average values from Douglas, Haldane, 

1 Henderson and Schneider; and Henderson 
and Haggard. 

Walking 3 mph - 

! 1049 i 

Douglas, Haldane, Henderson and Schneider 

Walking 4 mph 

i 1388 j 

! 1 

Average values from Douglas, Haldane, 
Henderson and Schneider; and Henderson 
and Haggard. 

Walking 5 mph 

i 2530 

Douglas, Haldane, Henderson and Schneider 

Slow run 

i 2285 

Henderson and Haggard 

\’ery severe exercise.... 

! 2555 

Benedict and Carpenter 

Maximum exertion i 

3333 to 4762 -h 

Henderson and Haggard 

Tailor 

! 482 

Becker and Hamalainen 

Baokbinder._ : 

1 626 

Becker and Hamalainen 

Shoemaker 

661 

Becker and Hamalainen 

Carpenter i 

762 to 963 

Becker and Hamalainen 

Metal worker 

862 

Becker and Hamalainen 

Painter (of furniture). 

876 

Becker and Hamalainen 

Stonemason i 

1488 i 

Becker and Hamalainen 

Man sawing wood 

1 

1797 

Becker and Hamalainen 


means. It is true that many suggestions have been advanced to account 
for the stimulating quality of outdoor air, such as ultra.- violet light and 
ionization. At the present time neither of these suggestions has received 
any degree of scientific confirmation. 

It is generally recognized that total outdoor solar radiation has marked 
curative value in certain diseases and is also a powerful germicidal agent. 
A critical review of the literature, however, does not substantiate the 
theory that ultra-violet radiation is of importance in air conditioning, 
since the use of ultra-violet sources fails to produce indoors, the pre- 
viously mentioned stimulating qualities found in outdoor air. 

Experiments^^ show that in occupied rooms there is a marked decrease 
in both positive and negative small ions. As shown in Fig. 5, soon after 
the occupants assembled the ionic content fell abruptly to a very low level 
which was maintained until the occupants left the room. Both positive 
and negative ions began to rise again as soon as the occupants departed. 

The effects of the decrease in the ionic content of indoor air on comfort 
and health have not yet been subjected to sufficient scientific investiga- 
tion. It would appear, however, from the evidence at hand, that comfort 
is not associated with a high ion content — but this must be considered, at 
least for the time being, as still a subject for further study. 


3SA.S.H.V.E. research paper entitled Changes in Ionic Content in Occupied Rooms, Ventilated by 
Natural and Mechanical Methods, by C. P. Yaglou, L. C. Benjamin and S. P. Choate (A.S.H.V.E. Trans- 
actions, Vol. 37, 1931). Physiologic Changes During Exposure to Ionized Air, by C. P. Yaglou, A. D. 
Brandt and L. C. Benjamin (A.S.H.V.E. Journal Section, Heating, Piping and Air Conditioning, August, 
1933). Diurnal and S^sonal Variations in the Small Ion Content of Outdoor and Indoor Air, by C. P. 
Yaglou and L. C. Benjamin, (A.S.H.V.E. Journal Section, Heating, Piping and Air Conditioning. January. 
19^). The Nature of Ions in Air and their Possible Physiological Effects, L. B. Loeb (A.S.H.V.E. Journal 
Section, Heating, Piping and Air Conditioning, October, 1934). 
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HEAT AND MOISTURE LOSSES 

In order to solve air conditioning problems involving the human body 
it is necessar}^ to know the rate at which sensible and latent heat are given 
up by the body under various conditions of temperatue and activity. 
Research at the A.S.H.\ .E. Laborator\' has resulted in the data given 
in Figs. 7, 8, and 9. Table 3 gives the metabolic rates for various degrees 
of activity. 

The experimental data from which the curv^es were drawn show that 



EFFECTIVE TEMPERATURE ®FAHR. 


Fig. 6. Relation Between Total Heat Loss from 
THE Human Body and Effective Temperature 
FOR Still Air^ 

aCiirve A — Men working 66,160 ft-Ib per hour. Curve B — 
Men working 33,075 ft-lb per hour. Curve C — Men working 
16,538 ft-lb per hour. Curve D — Men seated at rest. Curves A artH 
C drawn from data at an effective temperature of 70 deg only and 
extrapolating the relation between curves B and D, which were 
drawn from data at many temperatures. 


total heat loss does not vary appreciably within the comfort zone (see 
Fig. 6). Above or below this range the variation is approximately a 
function of effective temperature. Sensible and latent heat losses (Figs. 
7 and 9) on the other hand, vary greatly within the comfort zone, the 
variation following closely the dry-bulb temperature. 

Although total heat loss and sensible and latent heat losses are not 
exact functions of effective and dry-bulb temperature, respectively, for all 


^hermal Exchanges Between the Bodies of Men Working and the Atmospheric Environment, by 
£• W. W. Teague, W. E. Miller, and W. P. Yant {Armrican Journal of Hygiene, Vol. XIII, 

No. 2, March, 1931, pp. 415-431). 
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conditions of humidity and air motion, they are plotted as such in the 
curves. This is accomplished by approximations which are sufficiently 
accurate for application to practical problems. Comparison of Figs. 
7 and 8 shows how the cooling load may vary between sensible and latent 
heat elimination for different atmospheric conditions and activities of 
occupants. 

An atmospheric condition resulting in sensible perspiration is to be 



Fig. 7. Relation Between Sensible Heat Loss 
FROM THE Human Body and Dry-Bulb Temperature 
FOR Still Air^ 

aCurve A — Men working 66,150 ft-lb per hioiir. Curve B — 

Men working 33,075 ft-lb per hour. Curve C — Men working 
16,538 ft-lb per hour. Curve D — Men seated at rest. Curves A and 
C drawn from data at a dry-bulb temperature of 81.3 F only and 
extrapolating the relation between curves B and D which were 
drawn from data at many temperatures. 

avoided for obvious reasons. Tables 4 and 5 give the approximate effec- 
tive temperatures at which perspiration is noticeable in different degrees 
for 95 per cent and 20 per cent relative humidity. 

In theaters, auditoriums, department stores and other crowded^ en- 
closures, the amount of heat and moisture given off by the people is so 
large that normal changes in outside temperature and humichty have 
relatively little effect on indoor air conditions. The principal object of air 
conditioning in such places is to remove excessive heat and moisture by 
supplying a sufficient quantity of properly conditioned air. The indoor 
air conditions, however, must be varied according to the outside tem- 
perature, as has been pointed out. 
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DRY BULB TEf^TEBATURE “FAHR, g 

Fig. 8. Latent Heat and Moisture Loss frok the Human Body by Evaporation, 
IN Relation to Dry-Bulb Temperature for Still Air Conditions^ 

*Curve A — Men working 66,150 ft-lb per bour. Curve B — Men working 33,075 ft-Ib per hour. Curve 
C — ^Men working 16,538 ft-Ib per hoxir. Curve D — Men seated at rest. Curves A and C drawn from data 
at a dry-bulb temperature of 81.3 F only and extrapolating the relation between Curves Band D which 
were drawn from data at many temperatures. 
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Fig. 9. Heat Loss from the Human Body by Evaporation, Radiation and Con- 
vection in Relation to Dry-Bulb Temperature for Still Air Conditions^ 

«CurveA — Men working 66,150 ft-lb per hpar. CmrmB — Men working 33^075 ft-Ib per hour. Carve 
C— Men working 16,538 ft-lb per hoar. Curve D — Mesn seated at rest. Carves A and C drawn from data 
at a dry-bulb temperature of 81.3 F only and extrapokiting the relation between Curves B and D which were 
drawn from data at many temperatures. 
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Although heat and moisture from the human body constitute the major 
portion of the cooling load, in most cases where air conditioning is pro- 
vided for comfort and health other factors must also be considered. These 
include heat from lights, machinery, and processes, as well as the trans- 
mission and infiltration of heat through the building structure. The 
computations for these factors may be made in accordance with data 
given in Chapters 5 and 7. 

Table 4. Condition of Sensible Perspiration for Persons Seated at Rest 
Under Various Atmospheric Conditions^ 


Degree of Perspiration* 

Atmospheri 

95 Per Cent Relative 
Humidity 

c Condition 

20 Per Cent Relative 
Humidity 

E.T. 

D.B. ! 

W. B. 

E. T. 

D.B 

W. B. 

Forehead clammy 

73.0 

73.6 i 

72.4 

75.0 

87.0 

60.7 

Body clammy 1 

73.0 

73.6 i 

72.4 

75.0 

87.0 

60.7 

Body damp 

79.0 

79.7 

78.4 

81.0 

97.5 

67.5 

Beads on forehead 

80.0 

80.8 

79.4 

87.0 

109.4 

75.2 

Body wet — i 

84.5 

85.4 

84.0 

86.5 

108.5 

74.6 

Perspiration on forehead runs and drips — 

88.0 

89.0 

87.6 

94.0 

125.2 

85.4 

Perspiration runs down body 

88.5 

89.5 

88.1 

90.0 

116.0 

79.5 


aporty per cent of subjects registered degree of perspiration equal to or greater than indicated. 


Table 5. Condition of Sensible Perspiration for Persons at Work 
Under Various Atmospheric Conditions^o 


Atmospheric Condition 


Degree op PEBSPiRATioNa 

95 Per Cent Relative 
Humidity 

20 Per Cent Relative 
Hunudity 

E. T. 

D. B. 

W. B. 

E. T. 

D.B. 

W.B. 

Forehead clammy. 

59.0 

59.4 

58.3 

69.5 

80.5 

56.5 

Body clammy 

50.0 

50.2 

49.3 

57.0 

61.6 

44.2 

Body damp 

60.0 

60.3 

59.3 

62.5 

69.6 

49.5 

Beads on forehead. 

68.0 

68.5 

67.5 

76.0 

91.0 

63.4 

Body wet 

69.0 

69.6 

68.5 

71.0 

82.8 

53.0 

Perspiration on forehead runs and drips 

78.5 

79.3 

78.0 

82.0 

100.5 

70.2 

Perspiration runs down body 

79.0 

79.8 

78.5 

81.0 

99.8 

69.0 


•Forty per cent of subjects registered degree of perspiration equal to or greater than indicated. 


In many cases, allowance must also be made for sun effect and for heat 
capacity of the building structure in accordance with studies by the 
A.S.H.V.E. Research Laboratory^’'. Another item to be considered is the 
radiant heat received by the body from high temperature wall and ceiling 
surfaces. 


®^Heat Transmission as Influenced by Heat Capacity and Solar Radiation, by F. C. Houghten, J. L.‘ 
Blackshaw, E. M. Pugh, and Paul McDermott (A.S.H.V.E. Transactions, Vol. 38, 1932). 
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PROBLEMS IN PRACTICE 


1 • hat is the purpose and method of conditioning the air of occupied rooms? 

Chiefly comfort, and the method is to control the temperature, humidity, and air distri- 
bution, and to prevent the accumulation of excessive body odors in the air. Other 
factors have yet to be studied. 


2 • What are the most comfortable air conditions? 

Comfort standards are not absolute, but they are greatly affected by the physical con- 
dition of the individual and the climate, season, age, sex, clothing, and physical activity. 
For the northeastern climate of the United States, the conditions which meet the require- 
ments of the majority of people consist of temperatures between 68 and 72 F in winter 
and between 70 and 85 F in summer, the latter depending largely upon the prevailing 
outdoor temperature. The most desirable relative humidity range seems to be between 
30 and 60 per cent. 


3 • Are the optimum conditions for comfort identical with those for health? 

There are no absolute criteria of the prolonged effects of various air conditions on health. 
For the present it can be only inferred that bodily discomfort may be an indication of 
conditions that may produce poor health. 

4 • Given dry -bulb and wet-bulb temperatures of 76 F and 62 F, respectively, 
and an air velocity of 100 fpm, determine: (1) effective temperature of the con- 
dition; (2} effective temperature with still air; (3) cooling produced by the move- 
ment of the air; (4) velocity necessary to reduce the condition to 66 deg effective 
temperature. 

(1; In Fig. 1 draw line AB through given dry- and wet-bulb temperatures. Its 
intersection with the 100-ft velocity curv^e gives 69 deg for the effective temperature of 
the condition . (2) F ollow line A B to the right to its intersection with the 20-f pm velocity 
line, and read 70.4 deg for the effective temperature for this velocity or so-called still air. 
(3) The cooling produced by the movement of the air is 70.4 — 69 = 1.4 d^ effective 
temperature. (4) Follow line AB to the left until it crosses the 66 deg effective tempera- 
ture line and interpolate velocity value of 340 fpm to which the movement of the air 
must be increased. 


5 # Given dry -bulb and wet-bulb temperatures of 75 and 68 F, respectively, 
first, what is the effective temperature? Second, is this condition warmer or 
cooler than 80 F dry-bulb and ^ F wet-bulb? 

The first condition is given by the intersection of the 75 F dry-bulb line and the 68 F wet- 
bulb line (Fig. 3). The effective temperature of 72.1 deg is given by the numerical value 
of the effective temperature line passing through this ^int and indicated by the scale 
along the saturation curve. The second condition is given by the intersection of 80 F 
dr>’-buib and 60 F wet-bulb and is 71.8 deg ET. It is therefore 0.3 deg ET cooler than 
the first condition. 


6 # Given 76 F dry-bulb and 61 F wet-bulb, how many degrees difference 
are there between this condition and the winter comfort line or 66 deg ET? 

The effective temperature for this condition is given by the intersection of the 76-F dry- 
bulb and 61-F wet-bulb lines and is 70 deg ET, which is 4 deg ET warmer than the 
comfort line. 


7 • Assume that the design of an air conditioning system for a theater is to he 
based on an outdoor dry-bulb temperature of 95 F and a wet-bulh temperature 
of 78 F with an indoor relative humidity of 50 per cent. According to Table 2, 
the dry-bulb temperature in the auditorium should be 80 F. Estimate the 
sensible and latent heat given up per person. 

The sensible heat given up per person per hour under this condition may ^ obtained 
from Fig. 7. With an abscissa value of 80 F, Curve D for men seated at rest gives a value 
on the ordinate scale of 220 Btu per person per hour as the sensible heat loss. The latent 
heat given up by a person seated at rest hour may be obtained from Fig. 8. With an 
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abscissa value of SO F, Curve D indicates a latent heat loss of 175 Btu per hour left hand 
scale) or a moisture loss of 1190 grains per hour (right hand scale). 

8 • How much sensible heat, how much latent heat and how^ much water 
vapor wUl be added per hour to the atmosphere of an auditorium by an audience 
of 1000 adults, when the dry- and wet-bulb temperatures are 75 F and 63.5 F, 
respectively? 

From Curv’e D, Fig, 7, find the sensible heat loss per person for a dry-bulb temperature 
of 75 F and still air to be 265 Btu per hour. From Fig. 8 find the latent heat loss per 
person for a dry-bulb temperature of 75 F to be 134 Btu per hour and the moisture 
added to be 905 grains per hour. Sensible heat = 1000 X 265 = 265,000 Btu. Latent 
heat = KXK) X 134 = 134,000 Btu. Water vapor added per hour to the air in the 
auditorium = 1000 X 905 = 905,000 grains or 129 lb. 

The sensible and latent heat added to the air may also be found as follows: The effective 
temperature for dry- and wet-bulb temperatures of 75 F and 63.5 F, respectively, is 

70.3 deg. From Curv'e D, Fig. 6, find 403 Btu as the total heat added to the air by a 
person for an effective temperature of 70.3 deg. From Fig. 9 find the percentage of 
sensible and latent heat at a dry-bulb temperature of 75 F to be 66.5 per cent and 33.5 
per cent. The sensible heat added to the air in the auditorium is 10(X) X 0.665 X 403 = 
267,995 Btu per hour. The latent heat added is 1000 X 0.335 X 403 = 135,005 Btu 
per hour. 

9 • If the dry- and wet-bulb temperatures of the auditorium were 85 F and 
63 F, respectively, how much heat and moisture would be dissipated to the 
atmosphere? 

From Figs. 7 and 8, respectively, the sensible and latent heat losses per person for a dry- 
bulb temperature of 85 F are found to be 164 and 225 Btu per hour. The water vapor 
added to the atmosphere is 1520 grains per hour. The audience will then add 164,000 
Btu sensible heat, 225,000 Btu latent heat and 1,520,000 grains or 217 lb of water vapor 
to the air in the auditorium per hour. 

10 • Neglecting the gain or loss of heat to an auditorium by transmission or 
infiltration through the walls, windows and doors, how many cubic feet of 
outside air, with dry- and wet -bulb temperatures of 65 F and 59 F, respectively, 
(63.1 deg ET) must be supplied per hour to an auditorium containing 1000 
people in order that the inside shall not exceed 75 F (dry-bulb) and 65 F (wet- 
bulb), respectively? 

Figs. 7 and 8 give 265 Btu sensible heat and 905 grains of moisture as the additions per 
person with a dry-bulb temperature of 75 F in the auditorium. Therefore. 265,000 Btu 
of sensible heat and 905,CK)0 grains of moisture will-be added to the air in the auditorium 
per hour. 

Taking 0.24 as the specific heat of air, 2.4 Btu per pound of air will be required to raise 
the dry-bulb temperature from 65 to 75 F and — = 110,400 lb of air or 110,400 X 

13.4 = 1,479,000 cfh of air will be required. This is equivalent to -^qqq^^^q 24.7 cfm 

per person. 

The moisture content of the inside air as taken from a psychrometric chart is 76 grains 
per pound of dry air and that of the outside condition is 65 grains. The increase in 

moisture content will therefore be 11 grains per pound of dry air. Hence = 

82,300 lb of air at the specified condition will be required. This is equivalent to 82,300 

X 13.4 = 1,103,000 cfh of air or ~ cfm of air per person. 

The higher volume of 24.7 cfm per person will be required to keep the dry-bulb tem- 
perature from rising above the 75 F specified. The wet-bulb temperature will therefore 
not rise to the maximum of 65 F. 

11 • Assume that a man performs work at a rate equivalent to 50,000 ft-lh per 
hour, in an atmosphere having a dry-bulb temperature of 70 F. Estimate the 
sensible and latent heat given off per hour. 
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Since the net mechanical efficiency of the human body is about 20 per cent, the increase 
in metabolism due to work, over the resting metabolism, will be -C“7r^ “ 


per hour. Assuming a resting metabolism of 400 Btu per hour ^'see Fig. 6), the total 
metabolism during work will be 400 -t 320 = 720 Btu per hour, and the total heat loss 

720 — = 656 Btu per hour, approximately. In Fig. 9, follow a vertical line from 

/ {b> 

a dr>'-bulb temperature of 70 F to a point midway between Curv’es/l and B. The sensible 
heat loss is about 46 per cent of the total loss, or 0.46 X 656 — 302 Btu per hour, and the 
latent heat is 54 per cent of the total or 0.54 X 656 = 354 Btu per hour. 


12 • The characteristics of air supplied to ventilate a room are; 

Carbon dio.vide concentration .4 parts per 10,000 

Wet-bulb temperature . ... . . . 45.2 F 

Dr>'-bulb temperature . . . . „ 55.0 F 

Moisture content 29.0 grains per pound of dr>’ air 

a. What will be the dry -bulb temperature of the air in the room if it is occupied 
by five adults, if the air change, including both ventilation and infiltration, is 
50 cu ft per minute, and assuming that there is no heat gain or loss to the room 
from any source other than from the occupants? 

b. What will be the carbon dioxide concentration of the air in the room under 
these conditions? 

c. W'hat will be the moisture content of the air in the room under these con- 
ditions? 

d. What will he the wet-bulb temperature and the relative humidity of the air 
in the room under these conditions? 

e. "V^Tiat would the temperature of the incoming air have to be to give a room a 
dry-bulb temperature of 70 F? 

a. The air change is 10 cu ft per minute per occupant. From the bottom chart of Fig. 4 
at the intersection of an incoming air dry-bulb temj^rature of 55.0 F and a rate of air 
supply of 10 cu ft per minute per occupant, find by interpolation between the 70 F and 
80 F adult curves the dry-bulb temperature of the air in the room to be 78.0 F. 

b. From the top chart of Fig. 4 find the increase in CO 2 concentration to be 10 parts of 
CO 2 per 10,000 parts of air. Therefore, the air in the occupied room will contain 14 
parts of CO 2 per 10,000. 

c. From the center chart in Fig. 4 find by interpolation between the 70 F and 80 F adult 
curves the increase in moisture content to be 23 grains per pound of dry air for adults in 
78 F air. This gives a resultant moisture content of the air in the room of 52 grains per 
pound of dry air. 

d. From the psychrometric chart, Fig. 3, find the resulting wet-bulb temperature and 
relative humidity for 78 F dry-bulb and 52 .grains of moisture to be 61.0 F and 37 per 
cent, respectively. 

e. From the bottom chart. Fig. 4, find the required incoming air temperature to be 42 F 
dry-bulb. 

13 • Name three factors that influence the feeling of warmth and the elimina- 
tion of body heat. 

Temperature, humidity, and air movement. 

14 • What is meant by effective temperature? 

Effective temperature is a composite index which combines the measurements of tem- 
perature, air motion, and humidity into a single value. It is an arbitrary index of the 
degree of warmth or cold felt by the human b^y due to these factors. 

15 # Referring to the A.S.H.V.E. Comfort Chart (Fig. 3), list the conditions 
(dry-bulh, wet-bnlb, effective temperature, and humidity) which will produce 
comfort at each comer of the average winter csomfbrt zone and of the average 
summ^ comfort zone. 


*Heat equivalent of mechanical work In foot-pounds per Btu, 
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A\erage winter comfort zone; 


Wet-Bulb 

F 

Drt-Bulb 

F 

Relative 

Humidity 


58.5 

51.5 

59.0 

67.0 

64.5 

67.5 

79.0 

74.0 

70 per cent 

30 per cent 

30 per cent 

70 per cent 


Average summer comfort zone: 

Wet-Bulb 

Dry-Bulb 

Relative 


F 

F 

Humidity 


62.0 

68.0 1 

70 per cent 


54.0 

72.0 

30 per cent 


63.5 

85.0 

30 per cent 


71.5 

78.5 

70 per cent 



16 • What is generally considered to be the desirable and practicable range of 
relative humidity indoors? 

30 per cent to 60 per cent. 
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INDUSTRIAL AIR CONDITIONING 


Moisture Content and Regain, Hygroscopic Materials, Atmos- 
pheric Conditions Required, Air Conditioning of Libraries, Banana 
Ripening, Lumber Drying, Greenhouse Heating, Apparatus for 
Industrial Conditioning 


A ir conditioning is applicable to industrial or process conditioning for 
the improvement of products during manufacture, or for making the 
process independent of climatic conditions. In many industries, the 
temperature and relative humidity of the air have a marked influence upon 
the rate of production and the weight, strength, appearance, and general 
quality of the product. These results are due to the fact that most 
materials of animal or vegetable origin, and to a lesser extent minerals in 
certain forms, either take up or give moisture to the surrounding air. 

MOISTURE CONTENT AND REGAIN 

The terms moisture content and regain refer to the amount of moisture 
in hygroscopic materials. Moisture content is the more general term and 
refers either to free moisture (as in a sponge) or to hygroscopic moisture 
(which varies with atmospheric conditions) . It is usually expressed as a 
percentage of the total weight of material. Regain is more specific and 
refers only to hygroscopic moisture. It is expressed as a percentage of the 
bone-dry weight of material. For example, if a sample of cloth weighing 
100.0 grains is dried to a constant weight of 93.0 grains, the loss in weight, 
or 7.0 grains, represents the weight of moisture originally contained. This 
expressed as a percentage of the total weight (100.0 grains) gives the 
moisture content or 7 per cent. The regain, which is expressed as a per- 

7.0 

centage of the bone-dry weight, is or 7.5 per cent. 

The use of the term regain does not necessarily imply that the material 
as a whole has been completely dried out and has re-absorbed moisture. 
In the case of certain textiles, for instance, complete drying during manu- 
facturing is avoided as it might appreciably reduce the ability of the 
material to re-absorb moisture. In measuring moisture it is necessary 
to dry out a sample so that the lo^ in weight may be used as a basis for 
calculating the regain of the whole lot. 
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Table 1. Regain of Hygroscopic Materials 

Moisture Content Expressed in Per Cent of Dry Weight of the Substance at 
Various Relative Humidities — Temperature, 75 F 


Classi- 

fication 

Materul 

Description 

RELATm HmoDiTY — ^ Per Cent 

Acthoritt 

10 

20 

30 

40 

50 

60 

70 

80 

90 


Cotton 

Sea island — roving 

2.5 

3.7 

4.6 

5.5 

6.6 

7.9 

9.5 

11.5 

14.1 

Hartshorne 

Cotton 

American- cloth 

2.6 

3.7 

4.4 

5.2 

5.9 

6.8 

8.1 

10.0 

14.3 

Schloesing 

Cotton 

Absorbent 

4.8 

9.0 

12.5 

15.7 

18.5 

20.8 

22.8 

24.3 

25.8 

Fuwa 


Wool 

Australian merino — skein 

4.7 

7.0 

8.9 

10.8 

12.8 

14.9 

17.2 

19.9 

23.4 

Hartshorne 

liotUXcti 

Textile 

Fit ^ 

Silk 

Raw ehevennea— skein 

3.2 

5.5 

6.9 

8.0 

8.9 

10.2 

11.9 

14.3 

18.8 

Schloesing 

Linen 

Table cloth 

1.9 

2.9 

3.6 

4.3 

5.1 

6.1 

7.0 

8.4 

10.2 

Atkinson 

Linen 

Dry spun— yam 

3.6 

5.4 

6.5 

7.3 

8.1 

8.9 

9.8 

11.2 

13.8 

Sommer 

Jute 

Average of several grades 

3.1 

5.2 

6.9 

8.5 

10.2 

12.2 

14.4 

17.1 

20.2 

Storch 

Hemp 

Manila and sisal— rope 

2.7 

4.7 

6.0 

7.2 

8.5 

9.9 

11.6 

13.6 

15.7 

Fuwa 

Rayons 

Viscose Nitrocellu- 
lose Cupramonium 

Average skdn 

4.0 

5.7 

6.8 

7.9 

9.2 

10.8 

12.4 

14.2 

16.0 

Robertson 

Cellulose Acetate 

Fibre 

0.8 

1.1 

1.4 

1.9 

2.4 

3.0 

3.6 

4.3 

5.3 

Robertson 

Paper 

M. F. Newspint 

Wood pulp — 24% ash 

2.1 

3.2 

4.0 

4.7 

5.3 

6.1 

7.2 

8.7 

10.6 

U.S. B. ofS. 

H. M. F. Writing 

Wood pulp— 3% ash 

3.0 

4.2 

5.2 

6.2 

7.2 

8.3 

9.9 

11.9 

14.2 

U.S. B. ofS. 

White Bond 

Rag— 1% ash 

2.4 

3.7 

4.7 

5.5 

6.5 

7.5 

8.8 

10.8 

13.2 

U. S. B. of S. 

Com. Ledger 

75% rag— 1% ash 

3.2 

4.2 

5.0 

5.6 

6.2 

6.9 

8.1 

10.3 

13.9 

U. S. B.ofS. 

Kraft Wrapping 

Coniferous 

3.2 

4.6 

5.7 

6.6 

7.6 

8.9 

10.5 

12.6 

14.9 

U.S. B. ofS. 

Misc. 

Organic 

Materials 

Leathe^ 

Sole oak— tanned 

5.0 

8.5 

11.2 

13.6 

16.0 

18.3 

20.6 

24.0 

29.2 

Phelps 

Catgut 

Racquet strings 

4.6 

7.2 

8.6 

10.2 

12.0 

14.3 

17.3 

19.8 

21.7 

iFuwa 

Glue 

Hide 

3.4 

4.8 

5.8 

6.6 

7.6 

9.0 

10.7 

11.8 

12.5 

Fuwa 

Rubber 

Solid tire 

0.11 

0.21 

0.32 

0.44 

0.54 

0.66 

0.76 

0.88 

0.99 

Fuwa 

Wood 

Timber (average) 

3.0 

4.4 

5.9 

7.6 

9.3 

11.3 

14.0 

17.5 

22.0 

F(»est P. Lab. 

Soap 

White 

1.9 

3.8 

5.7 

i 7.6 

10.0 

12.9 

16.1 

19.8 

23.8 

Fuwa 

Tobacco 

! Cigarette 

5.4 

8.6 

11.0 

13.3 

16.0 

19.5 

25.0 

33.5 

50.0 

Ford 

Food- 

stuffs 

‘White Bread 


0.5 

1.7 

3.1 

4.5 

6.2 

8.5 

11.1 

14.5 

19.0 

Atkinson • 

Crackers 


2.1 

2.8 

3.3 

3.9 

5.0 

6.5 

8.3 

10.9 

14.9 

Atkimson 

Macaroni 


5.1 

7.4 

8.8 

10.2 

11.7 

13.7 

16.2 

19.0 

22.1 

Atkinson 

Flour 


2.6 

4.1 

5.3 

6.5 

8.0 

9.9 

12.4 

15.4 

19.1 

Bailey 

Starch 


2.2 

3.8 

5.2 

6.4 

7.4 i 

8.3 

9.2 

10.6 

12.7 

Atkinson 

Gelatin 


0.7 

1.6 

2.8 

3.8 

4.9 

6.1 

7.6 

9.3 

11.4 

Atkinson 

Miac. 

ln<»^mc 

Matmals 

Asbestos Fibre 

Fmely divided 

0.16 

0.24 

0.26 

0.32 

0.41 

0.51 

0.62 

0.73 

0.84 

Fuwa 

Silica Gel 


5.7 

9.8 

12.7 

15.2 

17.2 

18.8 

20.2 

21.S 

22.6 

Fuwa 

Domestic Coke 


1 0.20 

0.40 

i 

0.61 

1 0.81 

1.03 

1.24 

1.46 

1.67 

1.89 

Selvig 

Activated Charcoal 

Steam activated 

; 7.1 

14.3 

22.8 

26.2 

28.3 

29.2 

30.0 

31.1 

32.7 

Fuwa 

Sulphuric Acid 

HiSOi 

33.0 

41.0 

47.5 

i52.5 

57.0 

61.5 

67.0 

73.5 

82.5 

Mason 
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HYGROSCOPIC MATERIALS 

Air conditioning is extensively used in the manufacture or processing of 
hygroscopic materials such as textiles, paper, wood, leather, tobacco, and 
foodstuffs. Where the physical properties of the product affect value, the 
question of moisture is of special importance. With increase in moisture 
content, hygroscopic materials ordinarily become softer and more pliable. 
Economy of manufacturing, therefore, requires that the moisture content 
be maintained at a percentage most favorable to rapid and satisfactory 
manipulation and to a minimum loss of material through breakage. A 
constant condition is desirable in order that high speed machinery may be 
adjusted permanently for the desired production with a minimum loss 
from delays, wastage of raw material, and defective product. 

In the processing of hygroscopic materials, it is usually necessary to 
secure a final moisture content suitable for the goods as shipped. Where 
the goods are sold by weight it is proper that they contain a normal or 
standard moisture content. Air conditioning is important in certain 
branches of the chemical industry in controlling the temperature of 
reaction and facilitating or retarding evaporation. The control of 
moisture content of air supplied to blast furnaces in the manufacture of 
pig iron also has proved advantageous. 

The moisture content of a hygroscopic material at any time depends 
upon the nature of the material and upon the temperature and especially 
the relative humidity of the air to which it has been exposed. Not only 
do different materials acquire different percentages of moisture after 
prolonged exposure to a given atmosphere, but the rate of absorption or 
drying out varies with the nature of the material, its thickness and 
density. 

Table 1 shows the regain or hygroscopic moisture content of several 
organic and inorganic materials when in equilibrium at a dry-bulb tem- 
perature of 75 F and various relative humidities. The effect of relative 
humidity on regain of hygroscopic substances is clearly indicated. The 
effect of temperature is comparatively unimportant. In the case of 
cotton, for instance, an increase in temperature of 10 deg has the same 
effect on regain as a decrease in relative humidity of one per cent. Changes 
in temperature do, however, affect the rate of absorption or drying. 
Sudden changes in temperature cause temporary fluctuations in regain 
even when the relative humidity remains stationary. 

Conditioning and Drying 

Exposure of hygroscopic materials to an atmosphere of controlled 
humidity and temperature for the purpose of establishing a specified 
moisture condition in the material is called conditioning. Where the 
desired final moisture content is relatively low, the term drying is usually 
used- In any case, control of relative humidity, temperature, air velocity 
and length of exposure are all of more or less importance. 

The conditioning treatment may be undertaken in a special enclosure 
(conditioning room) or it may be accomplished in the same room and at 
the same time as some regular manufacturing process. For instance, in 
the weaving of textiles a high rdative humidity is commonly employed to 
keep the yam strong and pliable, thus assisting in the weaving process and 
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Automobile Assembly line.. 


Cake icing.„ 

Cake mixing 

Dough fermentation room.. 
Loaf cooling 


Paraffin paper Wrapping- 


Storage of flour... 
Storage of yeast. . 


Biologic-^l 

Products.— 

Brewing 


Antitoxins- 


Storage of grains.. 


Ceramic.. 


Drying of auger machine brick.. 

Drying of refractory shapes 

Molding room. 

Storage of clay. 


Chemical General storage.. 


Confectionery.. 


Distillery., 


Chewing gum rolling 

Chewing gum wrapping.. 

Chocolate covering 

Hard candy making 

Packing 

Starch room 

Storage 


General manufacture.. 
Storage of grains 


Storage of powders and tablets.. 


Electrical.. 


Insulation winding. 

Manufacture of cotton covered wire 

Manufacture of electrical wii>dings 

Storage of electrical goods 

Butter making 

Dairy chill room 

Preparation of cereals 

Preparation of macaroni 

Ripening of meats 

Slicing of bacon 


Storage of citrus fruit.... 
Storage of eggs in shell.. 

Storage of meats 

Storage of sugar. 


Drying of furs.. 


Industrial 

Processing 

j Tempeiuture 

Relatwe 

i Degrees 

HtTilDITT 

Fahhenheit 

j Per CE?rr 

65 40 

70 

50 

75 

65 

, 80 

76 to 80 

i 70 

60 to 70 

75 to 80 

55 to 70 

’ 75 to 80 

55 to 70 

80 

i 55 

80 to 90 

SO to 95 

! 70 to 80 

! 60 

1 28 to 40 

; 60 to 75 

below 32 


{ 38 to 42 


44 to 50 

; 50 

1 60 

j 30 to 45 

180 to 200 

i 

110 to 150 

50 to 60 

80 

60 

60 

35 

60 to 80 

35 to 50 

75 

50 

70 

45 

62 to 65 

50 to 55 

70 to 80 

30 to 50 

65 

50 

75 to 85 

50 

60 to 68 

50 to 65 

60 

45 

60 

30 to 45 

70 to 80 

30 to 35 

104 

5 

60 to 80 

60 to 70 

60 to 80 

35 to 50 

60 to 80 

35 to 50 

60 

60 

40 

60 

60 to 70 

38 

70 to 80 

38 

40 

80 

60 

45 

31 to 34 

75 to 85 

32 

80 

30 

80 

0 to 10 

50 

80 

35 

110 


28 to 40 

25 to 40 
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Table 2. Desirable Temperatures and Humidities for Industrial Processing 

(Continued) 


ISDUSTRT 

Pfiocm 

Tempzbatijre 

Degeees 

Faebinheit 

Relative 

HUMrOITT 

Per Cent 

Inxubators 

Chicken i 

99 to 102 

55 to 75 

Laboratory 

General analytical and physical ; 

-Stnrpgp nf materials . ' 

60 to 70 ' 
60 to 70 

60 to 70 

35 to 50 



LF 

Drying of hides 

90 





Library 

Book storage (see discussion in thischapter) 

65 to 70 

38 to 50 

Linoleum.„ 

Printing... 

80 

40 

Match 

Manufacturing 

72 to 74 

50 

Storage nf matches _ 

60 




Munitions 

Fuse loading 

70 

55 


Drying of lacquers 

60 to 80 

25 to 50 

Paint 

Drying of oil paints 

60 to 90 

25 to 50 


Brush and spray painting. 

60 to 80 

25 to 50 



Paper. 

Binding, cutting, drying, folding, gluing.. 

60 to 80 

60 to 80 

25 to 50 
35 to 45 



Photographic.... 

Development of film 

Drying.^ 

Printing. 

Cutting 

70 to 75 

75 to 80 

70 

72 

60 

50 

70 

65 


Binding 

70 

45 


Folrling 

77 

65 

Printing 

Press roorn (general) 

75 

60 to 78 


. Press room (lithographicli 

60 to 75 

20 to 60 


.Storage of rollers 

60 to 80 

35 to 45 




Maniifacturing ... 

90 


Ptihriti? i 

Dipping of .surgical rubber articles 

75 to 80 : 

25 to 30 


.Stanrlard laboratory tests 

80 to 84 

42 to 48 



sviAP ! 

Drying. - 

no 

70 




Cotton — carding 

75 to 80 

50 


combing ' 

75 to 80 

60 to 65 


roving.- 

spinning 

75 to 80 

60 to 80 

50 to 60 
60 to 70 


weaving 

68 to 75 

70 to 80 


Rayon — spinning _ . 

70 

85 

Tfyttt.f 

twisting 

70 

65 


Bilk — dressing 

75 to 80 

60 to 65 


spinning.. _ 

75 to 80 

65 to 70 


throwing _ 

75 to 80 

65 to 70 


wejiving , . __ ___ 

75 to 80 

60 to 70 


Wool — carding ! 

75 to 80 

65 to 70 


spinning 

75 to 80 

55 to 60 


weaving ___ ... 

75 to 80 

50 to 55 




Cigar and cigarette making,.... 

70 to 75 

55 to 65 

Tor Arm 

fioftening 

90 

85 


Btemminv or strippincr 

75 to 85 

70 
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at the same time leaving the product in a satisfactory condition of regain 
for commercial reasons. 

As a rule, commercial regain standards are specified percentages which 
by test have been found equivalent to a so-called standard atmosphere 
with which the goods would be in hygroscopic equilibrium after prolonged 
exposure. Committee D13 on Textiles of the American Society for 
Testing Materials has adopted a relative humidity of 64 to 66 per cent and 
a temperature of 70 to 80 F as the standard atmosphere for textile testing, 

ATMOSPHERIC CONDITIONS REQUIRED 

The most desirable relative humidity during processing depends upon 
the product and the nature of the process. As far as the behavior of the 
material itself and its desired final condition are concerned, each material 
and process represents a different problem. The best relative humidity 
may range up to 100 per cent.^ Similarly the most desirable temperature 
may range between wide limits for different materials and treatments. 
Extremes in either relative humidity or temperature require relatively 
expensive equipment for maintaining these conditions and controlling 
them automatically. Also, in departments where people are working, 
their health, comfort, and productive efficiency must be considered. A 
compromise often is desirable. 

It is generally considered that relative humidities below 40 per cent 
are on the dry side, conducive to low regains, a brittle condition of 
fibrous materials, prevalence of static electricity, and a tendency toward 
dryness of the skin and membranes of human beings. At the other end 
of the scale, humiditiej above 80 per cent are relatively damp, conducive 
to high regains, extreme softness, and pliability. 

Table 2 lists desirable temperatures and humidities for industrial pro- 
cessing. In using this table, care must be taken in qualifying the process. 
In preparing many materials, conditions are not maintained constantly, 
but diferent temperatures and humidities are held for varying lengths of 
time. 

AIR CONDITIONING OF LIBRARIES^ 

Temperature has little effect on the preservation of books. A tempera- 
ture over 100 F, combined with low relative humidity, may cause the book 
materials to become brittle, while a temperature much below freezing may 
cause permanent deterioration of the glue in the binding. The relative 
humidity should be maintained between 40 and 70 per cent, although 
these limits need not hold for short periods of time. If the relative 
humidity gets much below 40 per cent, first the glue and then the paper 
will tend to become brittle which will not cause any permanent damage 
unless the book is used while in this condition, as a subsequent increase 
in humidity will bring the materials back to their normal condition. If 
the relative humidity gets above 80 per cent, the growth of mildew may 
be expected. 

One of the principal agents of destruction and deterioration of paper 
and books in libraries is sulphur dioxide gas in the air. If air containing 


iSec Z7. S. Bureau of Standards Bulletin No. 128 entitled A Survey of Storage Conditions in Libraries, 
by Kimberly and Hicks. 
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sulphur dioxide is allowed to come in contact with cellulose, the principal 
constituent of paper, sulphuric acid is formed on the surface. This acid 
is not volatile at ordinary temperatures and therefore accumulates 
throughout the life of the paper. The destructive effect of the acid on the 
paper is independent of the relative humidity of the surrounding air. 
Low alkaline concentration spray water may be used in an air washer to 
neutralize the acid condition. Such an air washer must be especially 
constructed to resist corrosion. 

BANANA RIPENING 

Ripe bananas are very perishable and for this reason men who deal in 
them must depend mainly upon control of the ripening speed as a means 
of regulating their daily supply of the fruit. Knowledge and experience 
are required in regulating the ripening treatment and to control the 
ripening speed. An accurate appraisal must be based upon a careful 
examination of the fruit when received to determine its condition, and 
periodically, thereafter, to determine the rate of ripening. 

Fast ripening may be accomplished in from three to four days after the 
green fruit is placed in a ripening room by adjusting the temperatures of 
the room until the pulp temperature reaches about 70 F. In wanning up 
cool fruit, quick heating is recommended, and it is good practice to use 
sufficient heat to raise the average fruit temperature at the rate of 2 to 
3 deg per hour. After the first 24 hours, the room should be held at 68 F 
until the fruit is colored and then reduced to 66 F and held at this tem- 
perature. A high relative humidity of from 90 to 95 per cent should be 
maintained until the bananas show color, when it may be reduced to about 
80 per cent. High humidity is important during the warming period. 
No ventilation should be used until the fruit has colored, after which 
ventilation at a rate not to exceed four changes per hour may be used to 
assist in reducing the humidity and to freshen the air in the room. If the 
fruit shows slow or uneven ripening characteristics, one or two applica- 
tions of ethylene gas of approximately 1 cu ft per 1000 cu ft of room space 
may be used. 

Medium speed ripening of bananas in from five to seven days may be 
accomplished by holding the fruit at 64 F. The humidity and ventilation 
control should be the same as for fast ripening. A treatment with ethy- 
lene gas will seldom be necessary. For slow ripening in from nine to ten 
days, the fruit should be held at from 60 to 62 F. Temperatures below 
62 F are not advisable for very thin fruit. The humidity should be the 
same as for fast ripening, and ventilation (up to 3 or 4 air changes per 
hour) should be us^ provided the humidity can be maintained. Ethylene 
gas treatment will not be required. 

For holding ripened bananas, temperatures between 56 and 60 F are 
recommended. A reduction in humidity is beneficial in toughening the 
peel and reducing the mould, but too low a humidity will cause shrinkage. 
Although exact humidity control is not essential, the desirable range is 
between 75 and 80 per <^nt. 

LUMBER DRYING 

The Unit^ States Forest Products Laboratory, Madison, Wis., has 
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prepared eleven schedules^ for the kiln-drying of practically all kinds, 
types, and thicknesses of softwoods and hardwoods. The tables given in 
these schedules range from 105 to 200 F dry-bulb, and from 20 to 80 per 
cent relative humidit>\ As a rule, the softer the wood, the higher the 
average temperature used. The temperature and relative humidity in a 
lumber diynng kiln are varied for all conditions, starting with a low dry’- 
bulb and a high relative humidity when the green lumber, containing a 
large percentage of moisture, is started to dry. As the moisture content 
of the lumber decreases, the dr\’'-bulb temperature of the kiln is increased, 
and the relative humidity reduced. It is noted, however, that perfect 
drying does not necessarily result from following a schedule, and that an 
operator must be trained to watch the condition of the stock in the kiln 
and to immediately apply a remedy if he sees things going wrong. 

GREENHOUSES 

Table 3 lists customary dry-bulb temperature ranges for different 
types of plants and flowers raised in greenhouses. 

Table 3. Customary Temperatures for Different Types of Greenhouses 


TrPE OP House 

Temperature 

Range 

Deg Fahr 

Type op House 

Tempee.\ture 

Range 

Deg Fahr 

Cj=irnatir»n 

45 to 55 

Orchid, cool 

50 to 55 

Conservatory (general collection) 

60 to 65 

Palm, warm 

60 to 65 


45 to 50 

Palm, cnol 

50 to 55 

Cucumber 

65 to 70 

Propagating 

55 to 60 

F#*rn 

60 to 65 

Rose... 

55 to 60 

Forcing 

60 to 65 

Sweet pea 

45 to 50 


55 to 60 

Tomato __ 

65 to 70 



Lettuce 

40 to 45 

Tropical . 

65 to 70 

Orchid, warm ' 

65 to 70 

Violet 

40 to 45 


APPARATUS FOR INDUSTRIAL CONDITIONING 

Apparatus for industrial air conditioning may be divided into two 
distinct groups, namely, (1) humidifiers for increasing the moisture con- 
tent of the air and for producing cooling by evaporation and (2) dehu- 
midifiers for removing moisture from the air and for producing cooling by 
contact with water or surfaces at a lower temperature than the air. 

Strictly speaking, humidity control alone, whether it involves humidi- 
fication or dehumidification, is not air conditioning. To be entitled to this 
classification according to the definition in Chapter 41, the process should 
include the simultaneous control of temperature, humidity and air motion. 

Industrial humidifiers may be divided into the following general 
types, according to the method of operation : 

1. Direct, which spray into the room. 

2. Indirect, which introduce moistened air. 

3. Combined direct and indirect. 


-Technical Note Number 175, Forest Products Laboratory, U. S. Forest Service, Madison, Wis. 
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Spray Generation 

Spray generation is obtained by (1) atomization, (2) impact, (3) 
hydraulic separation, and (4) mechanical separation. 

Atomization involves the use of a compressed air jet to reduce the water 
particles to a fine spray. With the impact method, a jet of water under 
pressure impinges directly on the end of a small round wire. Where 
hydraulic separation is employed, a jet of water enters a cylindrical 
chamber and escapes through an axial port with a rapid rotation which 
causes it immediately to separate in a fine cone-shaped spray. In the 
mechanical separation process, water is thrown by centrifugal force from 
the surface of a rapidly revolving disc and separates into particles suf- 
ficiently small to be utilized in certain types of mechanical humidifiers. 

Spray Distribution 

Spray distribution is obtained by (1) air jet, (2) induction, and (3) fan 
propulsion. 

The air jet which generates the spray in atomizers also carries the spray 
through a space sufficient for its distribution and evaporation, and this 
method of distribution is termed air jet. Where distribution is obtained 
by induction j the aspirating effect of an impact or centrifugal spray jet is 
utilized to induce a current of air to flow through a duct or casing, and 
this air current distributes the spray. Fan propulsion obviously consists 
of the utilization of fans to entrain and distribute the spray. 

Industrial type direct humidifiers are commonly classified as (1) 
atomizing, (2) high-duty, (3) spray and (4) self-contained or centrifugal. 

Atomizing Humidifiers 

There are several types of atomizing humidifiers, all of which rely upon 
compressed air as the atomizing and distributing agency, similar to the 
familiar method used in ordinary nasal atomizers. Compressed air 
(ordinarily about 30 lb per square inch) is supplied from a centrally- 
located air compressor through pipe lines to the atomizing units. The air 
lines are usually horizontal and parallel to water lines which supply 
water by gravity from a float tank. The water in the tank is maintained 
at a constant level slightly lower than the outlets of the atomizers them- 
selves and is drawn constantly to the atomizer by aspiration when com- 
pressed air is supplied. This aspiration ceases and the flow of water stops 
when the air supply is cut off. The water should not be supplied under 
pressure to atomizers because of the possibility of leakage, drip, or coarse 
spray which cannot be permitted when water is supplied by aspiration. 

High-Duty Humidifiers 

Water is supplied to high-duty humidifiers under high pressure (usually 
about 150 lb per square inch) through pipe lines from a centrally-located 
pumping unit. The spray-generating nozzle which is of the impact type 
is locat^ in a cylindrical casing. A drainage pan provides for the collec- 
tion and return of unevaporat^ water which flows through a return pipe 
to a fitlter tank, from which it is recirculated. A powerful air current is 
forced through the humidifier by m^ms of a fan mounted above the unit. 
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The air enters from above, is drawn through the head, charged with 
moisture, and cooled to the wet-bulb temperature. It then escapes from 
the opening below at a high velocity in a complete and nearly horizontal 
circle. The sprav is quickly evaporated and the resulting vapor is rapidly 
and thoroughly diffused. This effective distribution of fine spray over 
the maximum possible area insures complete and extremely rapid vapori- 
zation even at the highest humidities. 

Spray Humidifiers 

This type of humidifier consists of an impact spray nozzle in a cylin- 
drical casing with a drainage pan below it. The aspirating effect of the 
spray nozzle induces a moderate air current through the^ casing which 
distributes the entrained spray. The general method of circulating and 
returning the water is similar to that employed for high-duty humidifiers. 
A suitable pump and centrally-located filter tank are required. 

The spray and high-duty types of humidifiers have many features in 
common but the latter, because of its finer spray and greater capacity, 
is often considered better adapted for producing high humidities. 

Self-Contained Humidifiers 

The self-contained or centrifugal humidifier has the ability to generate 
and distribute spray without the use of air compressors, pumps, or other 
auxiliaries. These may be used either singly or in groups. In^ large 
installations, where suitable connections are provided to permit the 
cleaning and servicing of individual units without affecting the room as a 
whole, group control of the water and power may be employed. 

Humidifiers and air washers are also described in Chapter 11. 

Where large quantities of power are generated in a limited space and 
where a comparatively high relative humidity is required, it is often 
feasible and economical to use a combination of direct and indirect 
humidification. The indirect humidification provides the desired quantity 
of ventilation and cooling, and the additional direct humidification pro- 
vides for increase in humidity without interfering with the ventilation or 
the cooling effected by the indirect system. 

In general, it may be stated that direct humidification is most satis- 
factory where high humidities are desired but where little cooling, ven- 
tilation or air motion is required. Therefore, the indirect system is most 
applicable where either low or high relative humidities are desired with 
maximum cooling and ventilation effect. For conditions that require an 
unusually large amount of heat to be absorbed by ventilation, together 
with the maintenance of high humidities, it is often preferable to make 
use of the combination system of indirect and direct humidification. If 
the indirect system alone were used it would mean an unusually large 
volume of air to be handled, which might interfere, due to air motion, 
with production, even though it would result in g^ter cooling effect. If 
direct humidification alone were used, no ventilation would be obtained, 
with consequently higher room temperatures. 

Dehiunidifiers, which are similar in design and appearance to indirect 
humidifiers and air washers, are described in Chapter 11. The main 
differences are found in the internal construction of the dehumidifier, in 
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the use of refrigeration or of heat as required for controlling the water 
temperature, and in differences in the general methods of control. 


PROBLEMS IX PRACTICE 

1 • A condition of 75 F dry-bulb temperature and 55 per cent relative humidity 
is being maintained in a cigarette manufacturing department, ^"hat will be 
the regain and moisture content of the tobacco? 

The regain, from Table 1 = 17.75 per cent. 

I he moisture content == = 1^,1 per cent. 

100 -|~ 17./0 

2 # A 1-lb sample taken from a 100-lb batch of material is found to have a bone 
dry weight of 0.89 lb. This material is to be processed under atmospheric 
conditions which should produce a regain of 15 jier cent. Compute the finished 
weight for each original 100-lb batch. 

Let W equal the number of pounds of moisture in a finished batch. 

gg = regain = lo per cent = 

W = 13.35 

89 + 13.35 = 102.35 lb finished weight. 

3 # A bundle of sea island cotton is foimd to have a bone dry weight of 9.26 lb. 
What is the proper relative humidity at 75 F to produce a weight of 10 lb at 
equilibrium? 

Desired conditioned weight = 10.00 lb 
Bone dry w'eight = 9.26 Ib 

Weight of moisture required = 0.74 Ib 
0 74 

R^ain — X 100 == 7.9 per cent. 

From Table 1, the proper relative humidity required is 60 pier cent. 

4 • Compute the bone dry weight of 1000 Ib of manOa rope which has been 
stored for a considerable period of time in a conditioned room at 75 F dry-bulh 
temperature and 50 per cent relative humidity. 

Assuming that this material has come to equilibrium under the atmospheric conditions 
given, Table 1 ^ows a r^ain of 8.5 p>er cent. 

Let W equal the total weight of moisture in piounds. 

1000 — W = bone dry weight in p>ounds. 

W -OK ^8.5 

1000 - =8.5 per cent = 

W — 78.3 Ib moisture 
1000 — 78.3 = 921.7 lb bone dry weight. 

5 # An egg evapmating plant wishes to dry 2000 Ih oi egg whites (85 per cent 
wat^) to crystalline form each 24 hours. The Tnaxlmum pesrmissible air de^ 
livery temperatiire in the dryer is 140 F. What air volume will be required^ 
aiBwoniTrtlTig that outside air is at 95 F dry— hulh and 78 F wet-hulh and that air 
leaves the dry«r 70 x>er cent saturated? 

Mo^ure to be rranoved = 2000 X 0.85 = 1700 lb. Uring p>sychrometric chart and 
starting at the intersectioni of the vertical 95 F dry-bulb temperature line and the 45 p)er 
cent humidity Ene, move horizontally to the right to the intersection with the 140 F 
vertical temp)€Fature line at 10 per cent rdative humidity j then move along the constant 
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heat 'or wet-bulb line; to its intersection w'ith the 70 per cent relative humidity curve 
and read 94 F dry-bulb, which will be the temperature of the air leaving the dr\'er. 

Moisture per cubic foot at 94 F and 70 per cent relative humidity = ll.S grains 
Moisture per cubic foot at 95 F and 7S F wet-bulb = 8.0 grains 


Moisture added per cubic foot of air handled 


1700 X 7000 
24 X 00 X 3.8 


2170 cfm. 


3.S grains 


No allowance is made for heat lost in the transmission to and from the dryer or for the 
heat required to raise the product from its entering temperature to that maintained in the 
dryer. This would necessitate a trial and error solution common to all drying problems. 


6 # It is proposed to install a central fan type air conditioning system com- 
prised of fan, air washer, filters, and heating coils to provide ventilation and to 
maintain proper humidity in a small library during periods of winter operation. 
The heat loss has been estimated at 450,000 Btu per hour in maintaining a 
condition of 72 F dry-bulb and 45 per cent relative humidity. Assuming that 
the air washer completely saturates the air, what must be the leaving dry-and 
wet-bulb temperatures to provide the required condition? 

49.85 F is the dew-point temperature corresponding to the stated required condition. 


7 # Assuming a maximum permissible air delivery temperature of 100 F in 
Question 6, what air volume will be required? 


450,000 X 55.2 
(100 - 72) X 60 


14,800 cfm. 


B # If in Questions 6 and 7 it is assumed that winter humidity control will 
consist simply of a dew-point thermostat at the exit of the air washer, control- 
ling the dew-point temperature by operating automatic dampers, and thereby 
proportioning the respective volumes of outside and recirculated air admitted: 

a. What volume of air should be recirculated? 

b. What volume of air will be exfiltrated from the buildings? 

c. What reheating capacity will be reqpzired? 

a. Btu per pound at 72 F and '45 per cent relative humidity 
Btu per pound at 0 F (assumed saturated) 

Btu per pound at 49.85 F saturated 

Recirculated air — 7 ^v - M ^ 14,800 = 11,600 cfm. 

(jio.oo — U.oo) 

5. The same volume as is introduced as fresh outside air, namely, 

14,800 - 11,600 = 3200 cfm. 


= 25.38 
= 0.85 
= 20.11 
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XATCRAL. VEATULATION 


Wind Forces, Stack Effect, Openings, Windotcs, Doors, Skylights, 
Roof Ventilators, Stacks, Principles of Control, General Rules, 
Measurements, Dairy Barn Ventilation, Garage Ventilation 


V ENTILATION by natural forces, supplemented in certain cases 
with mechanical forces, finds extensive application in industrial 
plants, public buildings, schools, dwellings, garages, and in farm buildings. 

The natural forces available for the displacement of air in buildings are 
the wind and the difference in temperature of the air inside and outside 
the building- The arrangement and control of ventilating openings 
should be such that the two forces act codperatively and not in opposition. 

Wind Forces 

In considering the use of natural wind forces for the operation of a 
ventilating system, account must be taken of (1) average and minimum 
wind velocities, (2) wind direction, (3) seasonal, daily and hourly varia- 
tions in wind velocity and direction, and (4) local wind interference by 
buildings and trees. 

Table 1, Chapter 8, gives values for the average summer wind velocities 
and the prevailing wind directions in various localities throughout the 
United States, while Table 2, Chapter 7, lists similar values for the winter. 
In almost all localities the summer wind velocities are lower than those in 
the winter, and in about two-thirds of the localities the prevailing direc- 
tion is different during the summer and winter. While average wind 
velocities are seldom below 5 mph, there are many hours in each month 
during which the wind velocity is from 3 to 5 mph, even in localities where 
the seasonal average is considerably above 5 mph. There are relatively 
few places where the hourly wind velocity falls much below 3 mph for 
more than 10 daylight hours per month. Usually a natural ventilating 
system should be designed to operate satisfactorily with a wind velocity 
of 3 to 6 mph, depending on locality. 

The following formula may be used for calculating the quantity of air 
forced through ventilation openings by the wind, or for determining the 
proper size of such openings; 

EAV (1) 

where 

Q = air flow in cubic feet per minute. 

A = free area of inlet (€«■ outlet) openings in square feet. 

V — wind velocity in feet per minute, 

= miles i>er hour X 88. 

E = effectiveness cff openings. 

(M sIkwiM be taken at from 50 to 60 per cent if tbe inlet opemns^ face tbe wind and from 25 to 35 per 
cent if the inlet openinigs receive the wind at an angle.) 
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If outlet openings, where air leaves a building, are smaller than inlet 
openings, where air enters a building, the air will be less effective than 
indicated by the constant £. 

The accuracy of the results obtained by the use of Formula 1 depends 
upon the placing of the openings, as the formula assumes that ventilating 
openings have a flow coefficient slightly greater than that of a square-edge 
orifice. If the openings are not advantageously placed with respect to the 
wind, the flow per unit area of the openings will be less, and if unusually 
well placed, the flow will be slightly more than that given by the formula. 
Inlets should be placed to face directly into the prevailing wind, while 
outlets should be placed in one of the following four places : 

1. On the side of the building directly opposite the direction of the prevailing wind. 

2. On the roof in the low pressure area caused by the jump of the wind (see Fig. 1). 

3. In a monitor on the side opposite from the wind. 

4. In roof ventilators or stacks exposed to the full force of the wind^ 

Forces due to Stack Effect- 

The stack effect produced within a building is due to the difference in 
weight of the warm column of air within the building and the cooler air 
outside. The flow due to stack effect is proportional to the square root 
of the draft head, or approximately: 

Q ^ 9A A V i? (/i ~ ^2) (2) 

where 

Q = air flow in cubic feet per minute. 

A = free area of inlets or outlets (assumed equal) in square feet. 

H — height from inlets to outlets, in feet. 

ti — average temperature of indoor air in height H, in degrees Fahrenheit. 

h = temperature of outdoor air, in degrees Fahrenheit. 

9.4 = constant of pro{X)rtionality, including a value of 65 per cent for effectiveness of 
openings. This should be reduced to 50 per cent (constant = 7.2) if conditions 
are not favorable. 

The height between inlets and outlets should be the maximum which 
the building construction will allow. 

In some cases the necessary air flow will be known from the require- 
ments of the building occupancy, and the area necessary for certain 
assumed temperature differences may be calculated. Or the areas may 
be fixed by the building construction, and the maximum air flow for 
various differences between indoor and outdoor temperatures may be 
calculated. In any case, the conditions which give the minimum air flow 
are those which control the design, as the system must have ample 
capacity even under the most unfavorable conditions which are those of 
mild or warm weather. 


TYPES OF OPENINGS 

The engineering problems of a natural ventilation system consist of the 
design, location, and control of ventilating openings to best utilize the 


^See Airation of Industrial Buildings, by W. C. Randall (A.S.H.V.E. Transactions, Vol. 34, 1928). 
*See Neutral Zone in Ventilation, by J. E. Emswiler (A.S.H.V.E. Transactions, Vol. 32, 1926), and 
Predetermining Airation of Industrial Buildings, by W. C. Randall and E. W. Conover (A.S.H.V.E. Trans- 
actions. Vol. 37, 1931). 
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natural ventilation forces, in accordance with the requirements of build- 
ing occupancy. The types of openings may be classified as: 

1. Windows, doors, monitor openings, and skylights. 

2. Roof ventilators. 

3. Stacks connecting to registers. 

4. Specially designed inlet or outlet openings. 

Windows, Doors and Skylights 

Windows have the advantage of transmitting light, as well as providing 
ventilating area when open. Their movable parts are arranged to open in 




Fig. 1. The Jump of Wind from Windward Face of Building. (A — Length of 
Suction Area; B — Point of Maximum Intensity of Suction; 

C — Point of Maximum Pressure) 

various ways; they may open by sliding as in the ordinary double-hung 
windows, by tilting on horizontal pHvots at or near the center, or by 
swinging on pivots at the top or bottom. Whatever the form and type of 
window used, the amount of dear area that can be made available is the 
factor of greatest importance in ventilation. 

All types of sash (doubie-huog, top, center or bottom horizontal pivoted, 
or vertical pivoted) have about the same air flow capadty for the same 
dear area. Air leakage through dosed windowrs is important during high 
winds (Chapter 6). 
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The proper distribution of air in occupied spaces is an element almost 
as important as that of sufficient air quantity. Advantageous pivoting of 
sash is very useful for securing good air distribution. Deflectors are some- 
times used for the same purpose, and these devices should be considered a 
part of the ventilation system. 

Door openings are seldom included in the ventilation calculations, 
though they may be of great value for extreme summer conditions, and 
should be considered in this connection as well as in garage design. 

Skylight and monitor openings are of importance as these and the roof 
ventilators are outlets, while the lower windows are usually inlets on the 
windward side and outlets on the leeward side. In general the areas of 
inlets and of outlets should be about equal. It is important to make a 
check on this ratio in any installation, as any great excess of area of one 
set of openings over another means waste opening area. The operating 
devices used for sash, monitors, skylights and roof ventilators should be 
well selected as poor operating devices may defeat the entire design. 

Roof Ventilators 

The function of a roof ventilator is to provide a storm and weather 
proof air outlet, which is sensitive to wind action for producing additional 
flow capacity, and at the same time is subject to manual or automatic 
control by suitable dampers. The capacity of a ventilator at a constant 
wind velocity and temperature difference, depends upon four things: 
(1) its location on the roof, (2) the resistance it offers to air flow, (3) the 
area and location of openings provided for air inflow at a lower level, and 
(4) the ability of the ventilator head to utilize the kinetic energy of the 
wind for inducing flow by centrifugal or ejector action. Frequently one 
or more of these capacity factors is overlooked in a ventilator installation. 

For maximum flow induction, a ventilator should be located on that 
part of the roof which receives the full wind without interference. (See 
Fig, 1.) This does not mean that no ventilators are to be installed within 
the suction region created by the wind jumping over the building, or in a 
light court, or on a low building between two high buildings. Ventilators 
are highly efiFective in such low-pressure areas, but their ejector action, 
caused by wind velocity, is of little importance in these locations, and 
hence their size should be increased proportionally. 

Ventilator resistance depends on (1) type of inlet, (2) area of openings 
and passages, and (3) number of turns or changes of direction of the air 
flow. The inlet grille, if any, should have ample free area, and the venti- 
lator should always be provided with a taper-cone inlet in order to produce 
the effect of a bell-mouth nozzle (flow coefficient 0.97) rather than that of 
a square-entrance orifice (flow coefficient 0.60) . In other words, the grilles 
should be oversize as compared with the ventilator, and they should be 
connected by tapering collars. If the ventilator head construction 
produces changes in the direction of air flow, the area of the flow passages 
should be increased accordingly. 

Air inlet openings at lower levels in the building are of course necessary 
for the economical use of ventilator capacity. The inlet openings should 
be at least equal to, and preferably twice as great as the combined throat 
areas of all roof ventilators. The air discharged by a roof ventilator 
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depends on wind velocity and temperature difference, but due to the four 
capacity factors already mentioned, no simple formula can be devised for 
expressing ventilator capacity. 

Several types of roof ventilators are shown in Figs. 2 to 11. These may 
be classified as stationary, Figs. 2 to 6, pivoted or oscillating, Figs. 7 to 9, 
or rotating, Figs. 10 and 11. When selecting unit ventilators, some 
attention should be paid to ruggedness of construction, storm-proofing 
features, dampers and damper operating mechanisms, possibilities of 
noise from dampers or other moving parts, and possible maintenance 
costs. 

It should be kept in mind that a suitable combination of roof venti- 
lators with mechanical ventilation frequently offers the best solution of a 
ventilating problem. The natural ventilation units may be used to sup- 
plement power driven supply fans, and under favorable weather con- 
ditions it may be possible to shut down the power driven units. Where 
low operating costs are very important, such a combination has great 
advantages. Roof ventilators with built-in electric fans are attracting 
increased attention because they combine the advantages of low instal- 
lation and operating cost with those of continuous service. 

Controls 

In connection with any combination between natural and fan venti- 
lation, the controls are of importance. Both the fans and the ventilator 
dampers may be controlled by some combination of three methods: 
(1) hand operation, (2) thermostat operation, and (3) control by wind 
velocity. The thermostat station may be located anywhere in the 
building, or it may be located within the ventilator itself. The purpose of 
wind velocity control is to obtain a definite volume of exhaust regardless 
of the natural forces, the fan motor being energized when the natural 
exhaust capacity falls below a certain minimum, and again shut off when 
the wind velocity rises to the point where this minimum volume can be 
supplied by natural forces. 

Stacks 

Stacks are really chimneys and utilize both the inductive effect of the 
wind and the force of temperature difference (the so-called gravity action). 
While their openings projecting above the roof are not provided with any 
special construction for developing suction by the action of the wind, the 
plain vertical opening is also effective in this respect. Like the roof 
ventilator, the stack outlet should be located so that the wind may act 
upon it from any direction. 

Stacks are applicable particularly in the case of schools, apartments, 
residences and small office buildings. Partitions interfere with general 
air circulation, and some type of outlet from each room is necessary. If 
the building is not too tall, and the requirements of occupancy are moder- 
ate, a system of stacks with registers in each room may be more eco- 
nomical than a system of mechanical ventilation employing fans. In 
making the comparison, however, the building space occupied by the 
stacks should be considered. 

With little or no wind, chimney effept or temperature difference will 
produce outflow through the stacks and an equal inflow through windows 
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in all sides of the building. With wind, the inductive* force at the top of 
ventilating shafts is more powerful than that on the leeward side of the 
building, so that air is drawn in through leeward openings by a combina- 
tion of the forces of wind and temperature difference. On the windward 
side, the direct forcing pressure of the wind is of course added to the 
temperature difference effect. Thus forces are available for causing in- 
flow at practically every window of such a building. Adequacy of stack 
size must, of course, be provided. 


PRINCIPLES OF AIR FLOW CONTROL 

The air flow through a ventilation opening depends on the two factors 
already discussed, namely, (1) the natural forces available, (2) the open- 
ings available, and the resistance to flow offered by these openings. The 
design problem includes, of course, a determination of the desired air 



Fig. 10. 



Rotating Ventilators Fig. 11. 


quantity and distribution in order that the openings may be properly 
placed. 

The purpose of ventilation is to carry off either excess heat or air 
impurities, and the desired air quantities depend upon the amount of heat 
or of impurities present. The amount of heat can be determined, in the 
case of forge shops for example, from the amount of fuel burned, which in 
turn is based upon the production capacity for which the building is 
being designed. In the case of foundries, the heat given off by the metal 
in cooling from the molten state can be used. In some instances, not all 
of the heat may be dissipated to the air, but a fair estimate of the amount 
to be removed by the air can usually be made. 

The next step is to select the temperature difference to be maintained. 
Knowing the amount of heat to be removed and having selected a 
desirable temperature difference, the amount of air to be passed through 
the building per minute to maintain this temperature difference can be 
determined by means of the following equation : 


where 



(3) 


c ~ 0.24 = specific heat af air. 

V — specific volume of the air, cubic feet per pound, about 13.5. (See Chapter 41.) 
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H = heat to be carried off, in Btu per minute. 

Q — air flow in cubic feet per minute. 

D — inlet-outlet temperature difference in degrees Fahrenheit. 

For disposing of air impurities, the required air flow must be such that 
the outside air will dilute the impurities to a degree that they are no 
longer objectionable. For human occupancy, such as in auditoriums and 
classrooms, 10 cfm per person is usually taken as the minimum of outside 
air necessary for ventilation (see Chapter 2). For garage ventilation, 
sufficient air must be admitted to dilute the carbon monoxide content of 
the indoor air to 1 in 10,000 (see Garage Ventilation in this Chapter). 

Air quantity and piality are not the only requirements. For human 
occupancy, air distribution is important. In ventilation the air distribu- 
tion is almost entirely a matter of the number, the design, and the location 
of inlets and outlets. In locating openings, special precautions should be 
taken against the formation of dead air spaces or pockets within the zone 
of occupancy. 

Suggested methods for estimating the air flow due to temperature 
difference alone and to wind alone have already been given. It must be 
remembered that when both forces are acting together, even without 
interference, the resulting air flow is not equal to the sum of the two 
estimated quantities. The same openings have been assumed in both 
cases, and since the resistance to flow through the openings varies ap- 
proximately with the square of the velocity®, this resistance becomes a 
limiting factor as the flow through the openings is increased. 

Recent investigations^’ ^ show that the total flow is only 10 per cent 
above the flow caused by the greater force when the two forces are nearly 
equal, and this percentage decreases rapidly as one force increases above 
the other. Tests on roof ventilators indicate that this is too conservative 
in the direction of low total flow quantities, but there is in any case a 
large judgment factor involved. The wind velocity and direction, the 
outdoor temperature, or the indoor activities cannot be predicted with 
certainty, and great refinement in calculations is therefore not justified. 
When designing for winter conditions, an added variable is the heat lost 
by direct flow through walls and windows and by infiltration. 

Example 1. Assume a drop forge shop, 200 ft long, 100 ft wide, and 30 ft high. The 
cubical content is 600,000 cu ft, and the height of the air outlet over that of the inlet is 
30 ft. Oil fuel of 18,000 Btu per lb is used in this shop at the rate of 15 gal per hour 
(7.75 lb per gal). Temperature differences are 10 F in summer and 30 F in winter, and 
the wind velocity is 5 mph in summer and 8 mph in winter. What is the necessary area 
for the inlets and outlets, and what is the rate of air flow through the building? 

Solution, The system must be designed for the summer conditions as these are the 
more severe. The heat to be removed per minute is: 

H = -^ X 7.75 X 18,000 = 34,875 Btu. 


By Equation 3, the air flow required to remove this heat with a temperature difference 
of 10 deg is: 


VH ^ 13.5 X 34,875 
cD 0.24 X 10 


196,172 cfm. 


•This is true for turbulent flow only. It would be more correct to state that the resistance varies approid- 
mately with for high to moderate velocities, with for moderate to low velocities, and with the first 
power of the velocity for very low velocities through small openings. 


84 



Chapter 4 — Natural Ventilation 


This is equal to 19.6 air changes per hour. The assumption is made that the average 
temperature difference between indoors and outdoors is the same as the temperature rise 
of the air from the inlet opening to the outlet opening. Actually, the latter difference is 
larger and so the value of 19.6 air changes per hour is conservative as it allows for more 
cooling than is necessary for an average temperature difference of 10 deg. 

If 196,172 cfm are to be circulated by the force of the temperature difference alone, the 
area of opening would be, by Equation 2: 

Q 196,172 

“ 9.4 V h (ii - k) ” 9.4 V 30 X 10 ~ 

If this area of openings were provided, a wind velocity of 5 mph, acting alone, would 
produce a flow according to Equation 1, of: 

Q EAV 0.50 X 1,205 X 5 X 88 = 265,100 cfm. 

If the inlet openings do not face the wind, but are at an angle with it, about half this 
amount may be considered to flow. 

A factor of judgment must now be exercised in making the selection of 
the area of openings to be specified. Apparently 1205 sq ft are a very 
generous allowance because either a direct wind of 5 mph or an average 
temperature difference of 10 deg acting alone will more than suffice to 
carry away the heat, and when the two forces are acting together, the 
system may have an excess capacity of 25 per cent to 50 per cent, especially 
if the outlets are made up partially of roof ventilators which employ the 
force of the wind for producing a suction effect. On the other hand, the 
wind may at times come from an unfavorable direction, or its velocity 
may fall below 5 mph or the building construction may not permit a full 
2400 sq ft of inlet window area and an equal amount of monitor or roof 
ventilator outlet area. In case the two sets of openings are not equal, 
their effectiveness is reduced. 

From this example it must be apparent that while formulas may 
furnish a reliable guide, the final solution of a problem of natural venti- 
lation requires a common sense analysis of local conditions to supplement 
and to modify the dictates of the formulas. 

GENERAL RULES 

A few of the important requirements in addition to those already 
outlined are: 

1. Inlet openings should be well distributed, and should be located on the windward 
side near the bottom, while outlet openings are located on the leeward side near the top. 
Outside air will then be supplied to the zone of occupancy. 

2. Direct short circuits between openings on two sides at a high level may clear the 
air at that level without producing any appreciable ventilation at the level of occupancy. 

3. Roof ventilators should be located 20 to 40 ft apart each way and preferably on 
the ridge of the roof. The closer spacings are used when ventilating rooms with low 
ceilings. 

4. Greatest flow per square foot of total opening is obtained by using inlet and outlet 
openings of nearly equal areas. 

5. In an industrial building where furnaces, that give off heat and fumes, are to be 
installed, it is better to locate them in the end of the building exposed to the prevailing 
wind. The strong suction effect of the wind at the roof near the windward end will then 
cooperate with temperature difference, to provide for the most active and satisfactory 
removal of the heat and gas laden air. 
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6. In case it is impossible to locate furnaces in the windward end, that part of the 
building in which they are to be located should be built higher than the rest, so that 
the wind, in splashing therefrom will create a suction. The additional height also 
increases the effect of temperature difference to cooperate with the wind. 

7. In the use of monitors, windows on the windward side should usually be kdpt 
closed, since, if they are of^n, the inflow tendency of the wind counteracts the outflow 
tendency of temperature difference. Openings on the leeward side of the monitor result 
in cooperation of wind and temperature difference. 

8. In order that the force of temperature difference may operate to maximum advan- 
tage, the vertical distance between inlet and outlet openings should be as great as 
possible. Openings in the vicinity of the neutral zone are less effective for ventilation. 

9. In order that temperature difference may produce a motive force, there must be 
vertical distance between openings. That is, if there are a number of openings available 
in a building, but all are at the same level, there will be no motive head produced by 
temperature difference, no matter how great that difference might be. 

10. In the design of window ventilated buildings, where^ the direction of the wind is 
quite constant and dependable, the orientation of the building together with amount 
and grouping of ventilation openings can be readily arranged to take full advantage of 
the force of the wind. On the other hand, where the direction of the wind is quite 
variable, it may be stated as a general principle that windows should be arranged in 
sidewalls and monitors so that there will be approximately equal area on all sides. 
Thus, no matter what the wind ’s direction, there will always be some openings directly 
exposed to the pressure force of the wind, and others opposed to a suction force, and 
effective movement through the building will be assured. 

11. The intensity of suction or the vacuum produced by the jump of the wind is 
greatest just back of the building face. The area of suction does not vary with the wind 
velocity, but the flow due to suction is directly proportional to wind velocity. 

12. Openings much larger than the calculated areas are sometimes desirable, especially 
when changes in occupancy are possible, or to provide for extremely hot days. In the 
former case, free openings should be located at the level of occupancy for psychological 
reasons. 

13. Special consideration should be given to the possibility of sidewall or monitor 
windows being closed on account of weather conditions. Such possibilities favor roof 
ventilators and specially designed stormproof inlets. 

MEASUREMENT OF NATURAL AIR FLOW 

The determination of the performance of any ventilating system 
involves measurements which are not easy to make. The difficulties are 
increased in the case of natural ventilation, since the motive forces and 
the air velocities are very small. The measurements necessary for giving 
the capacity of a system are (1) velocity of the wind, (2) velocity of the 
air through inlet and outlet openings, (3) outdoor air temperature, and 
(4) average indoor air temperature. 

Measuring Wind Velocity, The cup-type of anemometer as used for 
Weather Bureau observations is sufficiently accurate for this measure- 
ment. Some more accurate instruments as well as direct-reading types 
have been developed for airport service, but for ventilation work it is the 
average wind velocity over a long period which determines the capacity of 
the system. Hence the use of the Weather Bureau instrument, with an 
observation period of one hour or more, is satisfactory. If observations 
of wind direction are required, these should be taken by observing a 
sensitive weather vane at frequent intervals (about every 5 minutes) 
during the same period. 

Velocity of Air Through Openings, The vane type anemometer is the 
most practical instrument for this measurement. 
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Use a small (4 in.) low-speed anemometer, and correct all readings 
according to a recent calibration. Mount the anemometer in a strap iron 
clamp with a long handle for convenience. Divide each opening into 
5 in. squares (by string or wire) and hold the anemometer in the center of 
each square for a definite period of from 15 to 30 seconds. Record the 
result of the traverse as soon as completed and start another one im- 
mediately. A series of traverses over a period of one hour, or the full 
period covered by the wind velocity observations with a fairly steady 
wind, may be considered a satisfactory test for that wind velocity. It is 
preferable to have an anemometer observer at each opening. If the 
opening is covered by a grille or register, use the proper correction factors 
(see Chapter 40). 

Outdoor Temperature. It is easy to make an error of 1 to 5 deg in 
observing the outdoor^ air temperature. An accurate thermometer, 
calibrated in 1 deg divisions should be used. The thermometer should be 
mounted in the shade at about mid-height of the building and not too 
near the building wall or adjacent to an air outlet. The heat from a wall 
or roof which has been exposed to the sun is easily transmitted to a 
thermometer, with resulting high readings. 

Average Indoor Temperature. It is important to note that the capacity 
of an opening (such as roof ventilator) does not depend on the difference 
in the temperatures measured adjacent to the opening. It depends 
rather on the difference between the average temperature of the column 
of air inside the building and that outside. Indoor temperatures should 
therefore be observed at various heights to secure a good average. 

DAIRY BARN VENTILATION^ 

A successful barn ventilating system is one which continuously supplies 
the proper amount of air required by the stock, with proper distribution 
and without drafts, and one which removes the excessive heat, moisture, 
and odors, and maintains the air at a proper temperature, relative 
humidity, and degree of cleanliness. 

^ Barn temperatures below freezing and above 80 F affect milk produc- 
tion. Milk producing stock should be kept in a barn temperature be- 
tween 45 and 50 F. Dry stock, at reduced feeding, may be kept in a barn 
5 to 10 deg higher. Calf barns are generally kept at 60 F, while hospital 
and maternity barns usually have a temperature of 60 F or somewhat 
higher. 

The heat produced by a cow of an average weight of 1000 lb may be 
taken as 3000 Btu per hour. The average rate of moisture production by 
a cow giving 20 lb of milk per day is 15 lb of water per day, or 4375 grains 
per hour. To set a standard of permissible relative humidity for cow 
barns is difficult. For 45 F an average relative humidity of 80 per cent 
is satisfactory, with 85 per cent as a limit. 

Where the barn volume is within the limit that can be heated by the 
stabled animals, the air supply need not be heated. The air should be 


*For additional information on this subject refer to Technical Bulletin. U. S. Department of Agriculture 
(1930), by M. A. R. Kelley. 

Dairy Bam Ventilation, by F. L. Fairbanks (A.S.H.V.E. Transactions, Vol. 34, 1928). 

Cow Bam Ventilation, by Alfred J. Offner (A.S.H.V.E. Journal Section, Heating, Piping and Air 
Conditioning, January, 19^). 
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supplied through or near the ceiling. It is better to have the exhaust 
openings near the floor as larger volumes of warm air are then held in the 
barn and there is better temperature control with less likelihood of sudden 
change in barn temperature. 

If a cow weighs 1000 lb and produces 3000 Btu of heat per hour, and if 
a barn for the cow has 600 cu ft of air space with 130 sq^ ft of building 
exposure, one cow will require 2600 to 3550 cfh of ventilation, depending 
on the temperature zone in which the barn is located. The permissible 
heat losses through the structure, based on one cow and depending on the 
temperature zone, vary between 0.043 and 0.066 Btu per hour per cu ft 
of barn space, and 0.197 to 0.305 Btu per hour per sq ft of barn exposure. 

GARAGE VENTILATION- « 

On account of the hazards resulting from carbon monoxide and other 
physiologically harmful or combustible gases or vapors in garages, the 
importance of proper ventilation of these buildings cannot be over- 
emphasized. During the warm months of the year, garages are usually 
ventilated adequately because the doors and windows are kept open. As 
cold weather sets in, more and more of the ventilation openings are closed 
and consequently on extremely cold days the carbon monoxide concentra- 
tion runs high. 

Many garages can be satisfactorily ventilated by natural means par- 
ticularly during the mild weather when doors and windows can be kept 
open. However, the A.S.H.V.E. Code for Heating and Ventilating 
Garages, adopted in 1929, states that natural ventilation may be em- 
ployed for the ventilation of storage sections where it is practical to 
maintain open windows or other openings at all times. The code specifies 
that such openings shall be distributed as uniformly as possible in at least 
two outside walls, and that the total area of such openings shall be 
equivalent to at least 5 per cent of the floor area. The code further states 
that where it is impractical to operate such a system of natural ventilation, 
a mechanical system shall be used which shall provide for either the supply 
of 1 cu ft of air per minute from out-of-doors for each square foot of floor 
area, or for removing the same amount and discharging it to the outside 
as a means of flushing the garage. 

Research 

Research on garage ventilation undertaken by the A.S.H.V.E. Com- 
mittee on Research at Washington University, St. Louis, Mo., and at the 


5Code for Heating and Ventilating Garages (A.S.H.V.E. Transactions, Vol. 35, 1929). 

Airation Study of Garages, by W. C. Randall and L. W. Leonhard (A.S.H.V.E. Transactions, Vol. 36, 
1930). 

*Carbon Monoxide Concentration in Garages, by A. S. Langsdorf and R. R. Tucker (A.S.H.V.E. Trans- 
actions. Vol. 36, 1930). 

Carbon Monoxide Distribution in Relation to the Ventilation of an Underground Ramp Garage, by 
F. C. Houghten and Paul McDermott (A.S.H.V.E. Transactions, Vol. 38, 1932). 

Carbon Monoxide Distribution in Relation to the Ventilation of a One-Floor Garage, by F. C. Houghten 
and Paul McDermott (A.S.H.V.E. Transactions, Vol. 38, 1932). 

Carbon Monoxide Distribution in Relation to the Heating and Ventilation of a One-Floor Garage, by 
F. C. Houghten and Paul McDermott (A.S.H.V.E. Journal Section, Heating, Piping and Air Conditioning, 
July, 1933). 

Carbon Monoxide Surveys of Two Garages, by A. H. Sluss, E. K. Campbell and Louis M. Farber 
(A.S.H.V.E. Journal Section, Heating, Piping and Air Conditioning, December, 1933). 
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University of Kansas, Lawrence, Kans., in cooperation with the A.S.H. 
V.E. Research Laboratory, and at the A.S.H.V.E. Research Laboratory 
has resulted in authoritative papers on the subject. 

Some of the conclusions from work at the Laboratory are listed below: 

1. Upward ventilation results in a lower concentration of carbon monoxide at the 
breathing line and a lower temperature above the breathing line than does downward 
ventilation, for the same rate of carbon monoxide production, air change and the same 
temperature at the 30-in. level. 

2. A lower rate of air change and a smaller heating load are required with upward 
than with downward ventilation. 

3. In the average case upward ventilation results in a lower concentration of carbon 
monoxide in the occupied portion of a garage than is had with complete mixing of the 
exhaust gases and the air supplied. However, the variations in concentration from 
point to point, together with the possible failure of the advantages of upward ventilation 
to acCTue, suggest the basing of garage ventilation on complete mixing and an air change 
sufficient to dilute the exhaust gases to the allowable concentration of carbon monoxide. 

4. The rate of carbon monoxide production by an idling car is shown to vary from 
25 to 50 cfh, with an average rate of 35 cfh. 

5. An air change of 350,000 cfh per idling car is required to keep the carbon monoxide 
concentration down to one part in 10,000 parts of air. 


PROBLEMS IN PRACTICE 

1 • a. What means are avaUable for the ventilation of buildings? 

h. What precaution is necessary in combining different means of venti- 
lating? 

a. Natural forces, such as winds and stack effect, and mechanical forces furnished 
by fans. 

b. It is desirable that the different forces used be not in opposition. Their actions should 
be mutually helpful. For example, a simple roof opening should be placed in the region 
of lowest pressure caused by a prevailing wind, (^e Fig. 1.) 

2 • a. What factors are important in the location and control of ventilating 
openings? 

b. What types of ventilating openings are best suited to a proper distribu- 
tion of the air supplied? 

a. The proper distribution of air as required by the occupants, and the best utilization 
of natural ventilating forces. The general rules on page 85 apply particularly to these 
factors. 

h, Windows with swinging sash and openings with deflectors may be used to direct air 
to the points desired. 

3 • a. What is the best location for ventilating openings? 

b. How are the sizes of ventilating openings determined for proper air 
supply? 

a. Inlet openings should be low and facing the prevailing winds where possible. Outlet 
openings should be high and on the side opposite the prevailing winds. 

b. For simple openings use Formula 1: 

Q = EAV 

and for stacks use Formula 2: 

(2 = 9.4 ^ V H iti - h) 

The use of these formulae is illustrated in Example 1 of the text of this chapter. Inlet 
and outlet areas should be approximately the same for best results. 
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4 # a. What are the advantages of roof ventilators? 

b. How are proper sizes determined for roof ventilators? 

a. Roof ventilators offer the best utilization of the inductive force of the wind, and they 
may be very economically fitted with built-in fans to supply the necessary circulation 
when the force of the wind is not sufficient. 

b. Because of the many factors affecting the flow through roof ventilators no accurate 
formula can be given. It is usual practice to make the combined throat area of all 
roof ventilators between one-half area and full area of the air inlets as determined by 
Formula 1. 

5 • What methods of control are used in ventilating systems? 

Hand control, control by a thermostat located in the ventilated space or in the venti- 
lator, or wind velocity control designed to keep the air discharge constant regardless 
of wind velocity. 

6 • How is the quantity of air required for a building determined? 

Sufficient air must be supplied to carry away the heat and impurities generated within a 
building. The temperature rise and concentration of impurities in the exhaust air must 
be held within specified limits. (See Example 1.) 

7 • What measurements are necessary to determine the capacity of a venti- 
lating system? 

Wind velocity and air velocities through openings, determined by suitable cup anemo- 
meters; outdoor air temperatures, measured by a shaded thermometer not near objects 
heated by the sun or near exhaust air openings; indoor air temperatures, measured at 
various heights to secure a good average. 

8 • How much air must be supplied for dissipating the heat generated in a 
dairy barn housing 100 cows if the outside temperature is 20 F and the inside 
temperature is to be maintained at 45 F? 

The total heat generated is 100 X 3000 — 300,000 Btu per hour or 5,000 Btu per 
minute. Then from Formula 3, 



5000 X 13.5 
0.24 X (45 - 20) 

= 11,250 cu ft per minute. 

This amount of air should also keep down humidity and odors. 

9 • a. What precaution is necessary in the ventilation of garages using natural 
ventilation? 

b. How much window area is required for a garage with 50 x 100 sq ft floor 
area if natural ventilation is used? 

a. The carbon monoxide content of the air should be kept below 1 part in 10,000 and 
windows should be kept open at all times. 

b. The window area should aggregate 5 per cent of the floor area. 

0.05 X 50 X 100 = 250 sq ft of window area. 

This area should be evenly distributed along two sides of the building. 
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HEAT TRANSMISSION COEFFICIENTS 
AND TABLES 

Heat Transfer, Calculations for Transmission Losses, Areas 
Where Transmission Losses Occur, Coefficients of Transmission, 

Table of Conductivities and Conductances, Tables of Over-all 
Coefficients of Heat Transfer for Typical Building Constructions 


T O maintain specified inside temperature conditions and determine 
the type of plant required, it is essential to know the transmission 
losses of a structure and consider them in conjunction with the infiltration 
losses. 

Whenever a difference in temperature exists between the two sides of 
any structural material, such as a wall or roof of a building, a transfer of 
heat takes place through that material. When the inside temperature is 
the higher, heat reaches or enters the inside surface of the wall by radia- 
tion and convection, because the air and objects within the building are 
always warmer than the inside surface of the wall when the inside air 
temperature t is greater than the outside air temperature to- This heat 
must then pass through the material of the wall from the inside to the 
outside surface by conduction, and is finally given off from the outside 
surface by radiation and convection, provided, of course, that equilibrium 
has been established and all four temperatures are constant. If the out- 
side temperature is the higher, the reverse process takes place. 

CALCULATIONS FOR TRANSMISSION LOSSES 

The calculations for heat transmission losses are made by multiplying 
the area A in square feet of wall, glass, roof, floor, or material through 
which the loss takes place, by the proper coefficient U for such construc- 
tion or material and by the temperature difference between the inside air 
temperature t at the proper level (in many cases not the breathing-line) 
and the outside air temperature to. Therefore, 

Ht = AU(t-to) ( 1 ) 

where 

Ht = Btu per hour transmitted through the material of the wall, glass, roof or 
floor. 

A “ area in square feet of wall, glass, roof, floor, or material, taken from building 
plans or actually measured. (Use the net inside or heated surface dimensions 
in all cases.) 

t — to = temperature difference between inside and outside air, in which t must always 
be taken at the proper level. Note that t may not be the breathing-Une 
temperature in all cases. 
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Heat is lost from a building by transmission through all of those sur- 
faces which separate heated spaces from the outside air or from unheated 
colder spaces within the building. In general, five kinds of surfaces are 
involved: (1) outside walls; (2) outside glass; (3) inside walls or parti- 
tions next to unheated spaces; (4) ceilings of upper floors, either below a 
cold attic space or as the underside of a roof slab ; and (5) floors of heated 
rooms above an unheated space. 

The net inside wall surface is usually determined by reference to the 
scale plans and elevations of the building concerned. In some cases, of 
course, the actual building may have to be measured. The total area of 
all outside openings which are occupied by windows and doors is accurately 
measured and listed as glass. The glass area is then deducted from the 
total outside wall area for each room and the difference is the net wall 
area. If there are no partitions, measure from the inside face of one wall 
to the inside face of the next wall. The areas of walls, ceilings and floors 
next to cold or unheated spaces are found, of course, by taking the inside 
dimensions of such areas, measured on the heated side. 


COEFFICIENTS OF TRANSMISSION 

The coefficients of transmission may be determined by means of the 
guarded hot box or the Nicholls heat meter described in Chapter 40, or 
they may be calculated from fundamental constants. Because of the 
unlimited number of combinations of building materials, it would be 
impractical to attempt to determine by test the heat transmission co- 
efficient of every type of construction in use; consequently, in most cases 
it is advisable to calculate these coefficients. 

Symbols 

The following symbols are used in the heat transmission formulae in 
this chapter: 

U = thermal transmittance or over-all coefficient of heat transmission ; the amount of 
heat expressed in Btu transmitted in one hour per square foot of the wall, floor, roof or 
ceiling for a difference in temperature of 1 deg F between the air on the inside and that 
on the outside of the wall, floor, roof or ceiling. 

k = thermal conductivity; the amount of heat expressed in Btu transmitted in one 
hour through 1 sq ft of a homogeneous material 1 in. thick for a difference in temperature 
of 1 deg F between the two surfaces of the material. The conductivity of any material 
depends on the structure of the material and its density. Heavy or dense materials, the 
weight of which per cubic foot is high, usually transmit more heat than light or less dense 
materials, the weight of which per cubic foot is low. 

Ca = thermal conductance per unit area; the amount of heat expressed in Btu trans- 
mitted in one hour through 1 sq ft of a non-homogeneous material for the thickness or 
type under consideration for a difference in temperature of 1 deg F between the two 
surfaces of the material. Conductance is usually used to designate the heat transmitted 
through such heterogeneous materials as plaster board and hollow clay tile. 

/ = film or surface conductance; the amount of heat expressed in Btu transmitted by 
radiation, conduction and convection from a surface to the air surrounding it, or vice 
versa, in one hour per square foot of the surface for a difference in temperature of 1 deg F 
between the surface and the surrounding air. To differentiate between inside and outside 
wall (or floor, roof or ceiling) surfaces, fi is used to designate the inside film or surface 
conductance and fo the outside film or surface conductance. 

a == thermal conductance of an air space: the amount of heat expressed in Btu trans- 
mitted by radiation, conduction and convection in one hour through an area of 1 sq ft of 
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an air space for a temperature difference of 1 deg F. The conductance of an air space 
depends on the mean absolute temperature, the width, the position and the character of 
the materials enclosing it. 

R = resistance or resistivity which is the reciprocal of transmission, conductance, 
or conductivity, i.e.: 

1 „ . . . 

_ = over-all or air-to-air resistance. 

= internal resistivity. 

= internal resistance. 

Ca 

= film or surface resistance. 

= air-space resistance. 


Fundamental Formulae 


The formula of the over-all coefficient for a simple wall a: inches thick is: 


U - 



( 2 ) 


and for a compound wall of several materials having thicknesses in inches 
of Xi, Xi, Xzj etc., the coefficient is: 


u - 


1 



Xi . X2.X3 

ka ^ 


Jo 


(3) 


In the case of air-space construction, an air-space coefficient for each 
air space must be inserted in either Equation 2 or 3. Thus for a simple 
wall with one air space. 


U = 


1 I , 1 ■ arz . 1 

fi ^ a k2 fo 


(4) 


and for a simple wall of several air spaces having conductances of 
aj, a»y etc., the coefficient is: 


U = 


T’ + T'+ + + 

Jl Kl di /52 (h ^8 ^3 ^4 Jo 


(5) 


With certain special forms of materials which have irregular air spaces 
(such as hollow tile) or are otherwise non-homogeneous, it is neces^ry 
to use the conductance (Ca) for the unit construction, in which case 

is replaced by 

K Oa 

As in the case of the simple wall, fi and fo are always the inside and 
outside surface coefficients for the two materials in contact with air. If 
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the air is still (no wind), then for the same material /i and/o are the same, 
and/i = fo] but if the outside air is in motion, then/o is always greater 
than fi and will increase as the wind velocity increases. Values for in 
still and moving air have been determined for various building materials 
at the University of Minnesota under a cooperative research agreement 
with the Society h The range of values for ordinary building materials is 
comparatively small and for practical purposes may be assumed constant 
for either still air or any given wind velocity, particularly in view of the 
fact that the surface resistances usually comprise only a small part of the 
total resistance of the construction, except in the case of thin, highly 
conductive walls. In determining basic heat transmission values for 
building construction, it is customary to use that value of fo which will 
occur when a 15-mph wind blows parallel to the outer surfaces considered. 


Table 1. Conductances of Air Spaces a at Various Mean Temperatures 


Mean 

Temp 

Deo Fahh 


Conductances op Air Spaces for Various Widths 

in Inches 


0.128 

0.250 

0.364 

0.493 

0.713 

1.00 

1.500 

20 

2.300 

1.370 

1.180 

1.100 

1.040 

1.030 

1.022 

30 

2.385 

1.425 

1.234 

1.148 

1.080 

1.070 

1.065 

40 

2.470 

1.480 

1.288 

1.193 

1.125 

1.112 

1.105 

50 

2.560 

1.535 

1.340 

1.242 

1.168 

1.152 

1.149 

60 

2.650 

1.590 

1.390 

1.295 

1.210 

1.195 

1.188 

70 

2.730 

1.648 

1.440 

1.340 

1.250 

1.240 

1.228 

80 

2.819 

1.702 

1.492 

1.390 

1.295 

1.280 

1.270 

90 

2.908 

1.757 

1.547 

1.433 

1.340 

1.320 

1.310 

100 

2.990 

1.813 

1.600 

1.486 

1.380 

1.362 

1.350 

no 

3.078 

1.870 

1.650 

1.534 

1.425 

1.402 

1.392 

120 

3.167 

1.928 

1.700 

1.580 

1.467 

1.445 

1.435 

130 

3.250 

1.980 

1.750 

1.630 

1.510 

1.485 

1.475 

140 

3.340 

2.035 

1.800 

1.680 

1.550 

1.530 

1.519 

150 

3.425 

2.090 ! 

1.852 

1.728 

1.592 

! 

1.569 

1.559 


aThermal Resistance of Air Spaces, by F. B. Rowley and A. B. Algren (A.S.H.V.E. Transactions, 
Vol. 35, 1929). 


The conductances of air spaces at various mean temperatures and 
widths, for ordinary building materials, are given in Table 1. These 
results were likewise obtained at the University of Minnesota under a co- 
operative research agreement with the Society. 

Values for k and Ca, the conductivity and conductance of building ma- 
terials and insulations, are given in Table 2 as taken from the published 
values of various investigators. It should be noted that values oi k and 
Ca as well as of U are dependent on the mean temperature, and it is 
therefore desirable that the investigator determine heat-transmission 
values under conditions approximating those existing under actual con- 
ditions. Recommended values for calculating the coefficients of trans- 
mission of various types of construction are marked by an asterisk in 
Table 2. 


^Surface Conductances as Affected by Air Velocity, Temperature and Character of Surface, by F. B. 
Rowley, A. B. Algren and J. L. Blackshaw (A.S.H.V.E. Transactions, Vol. 36, 1930). See also references 
at end of chapter. 
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Table 2. Conductivities { k ) and Conductances (Ca) of Building 
Materials and Insijlators<i 


TJu coejSicients are expressed in Btu Per hour per square foot per degree Fahrenheit per 1 in. thickness, 
unless otherwise indicated. 


Material 


M.\SONRY MATERIALS 
Brick 

Brickwork:- 

Cement Mortar. - 

Cinder Concrete 

Cinder Blocks* — 

Concrete 


Concrete Blocks'^.—. 


Stone.. 

Stucco, 

Tile.--. 


Tile or Terrazzo 


I 


Description 


Common 

Face - 

Damp or wet— 

TjTjicaL 

Typical 

Typical (8 in.) 

" (12 in.) 

TjrpicaL 

1-2-4 mix. _. 

Various ages and mixes'^ 

Cellular 


Typical gypsum fiber concrete, 87.5% 

gypsum and 12.5% wood chips 

Special concrete made with an aggregate 
of hardened clay — 1-2-3 mix.... 

Typical (8 in.).- 


(12 in.)-. 


Special concrete block made with an aggre- 
gate of hardened clay — 4 x 8 x 16 in., 

3 cores, 18% voids i - 

Special concrete block made with an aggre- 
gate of hardened clay— 8 x 8 x 16 in., 

4 cores, 35% voids - 

Typical 


Typical hollow clay (4 in.) 

“ “ “ (6 in.)« 

“ “ “ (Sin.)® 

“ “ “ (10 in.)* 

" “ “ (12 in.)* 

“ « “ (16in.)* 

HoUow clay (2 in.) ^in. plaster both sides 
Hollow clay (4 in.) J4-in. plaster both sides 
HoUow clay (6 in.) plaster both sides 

HoUow gypsum (4 in.) 

Solid gypsum... 


Solid gyiaurn 

Typical flooring 


Density 
(Lb per Cu Ft) 

Mean Temp. 

(Deq Fahb) 

Conductivity (fc) 

OR 

Conductance (C^^) 

1 

oi S 

& 

BQ S 

Eel » 

« Pi 

Authority 



5,00* 

0.20 




9.20* 

0.11 





5.00^ 

0.20 

(2) 



12.00* 

0.08 



110.0 

75 

5.20* 

0.19 

(3) 




0.62t* 

1.61 




0.51t* 

1.96 





12.00*^ 

0.08 



143.0 

69 

9.46 

0.11 

(4) 



11.35fo 


(6) 



16.36 



40.0 

75 

1.06 

0.94 

(3) 

50.0 

75 

1.44 

0.69 

(3) 

60.0 

75 

1.80 

0.56 

(3) 

70.0 

75 

2.18 

0.46 

(3) 

51.2 

74 

1.66* 

0.60 

(4) 

101.0 

70 

3.98 

0.25 

(5) 

. 


l.OOf* 

1.00 




O.SOf* 

1.25 

.... 

74.0 


0.66t 

1.51 • 

(3) 

74.5 


0.30t 

3.33 

(3) 



12.50* 

0.08 




12.00* 

0.08 




l.OOf* 

1.00 

.... 



0.64t* 

1.57 i 




0.60t* 

1.67 

.... 



0.58t* 

1.72 

'.... 



0.40t* 

2.50 




0.31t* 

3.23 

.... 

I'io’o 

lio 

l.OOf 

1.00 


127.0 

100 

0.60f 

1.67 

(2) 

124.3 

105 

0.47f 

2.13 

(2) 



0.46f* 

2.18 


51.8 

70 

1.66 

0.60 

(4) 

75.6 

76 

2.96 

0.34 

(4) 


.... 

12.00* 

0.08 

.... 


Authohutes: 

lU. S. Bureau of Standards, tests based on samples subnfitted by manufacturera. 

*A. C. Willard, L. C. Lichty, and L. A, Harding, tests conducted at the University of Illinois. 

®J. C. Peebles, tests conducted at Airoour Institute of Technology, based on samples submitted by manufacturers. 

<F. B. Rowley, tests conducted at the University of Minnesota. 

SA.S.H,V.E. Research Laboratory. 

®E. A Allcut, tests conducted at the University of Toronto. 

’'Lees and Chorlton. 

*Recoinmen;ded conductivities and conductances for computing heat transmission coefficients. 
tFor thickness stated or used on construction, not per l-in. thickness, 

“For additional conductivity data see Table 14, Page 63, 19S^ Bata Book. 

^Recommended value. See Heating. Ventilating and Air CondUtoning, by Harding and Willard, revised edition, 1932. 
'One air ceU in the direction of heat flow, 

^See ASJB[.VJE. Research Paper, Conductivity of Concrete, by F. C. Houghten and Carl Gutberlet (A.S.H.V.E, Tbans- 
AcrnoNS, VoL 37, 1931). 

*The 6-iii,, 8-in., and 10-in. boUow tile figures are based on two cel]b in the direction of heat flow. The 12-in. hollow tile 
is based on three cells in the direction of heat flow. The 16-in. hollow tile consists of one 10-in, and one 6-in. tile, each having 
two ceUs in the direction of heat flow. 

.^Not compressed. 

^Roofing, OAS-in. thick (1.34 lb per sq ft), covered with gravel (a,83 lb per sq ft), combined thickness assumed 0.25. 
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Table 2. Conductivities (k) and Conductances (Ca) of Building 
Materials and Insulators — Continued 

Th€ coeJicieTUs are expressed in Biu per hour per square foot per degree Fahrenheit per 1 in. thickr 
unless otherwise indicated. 


Description 


insulation— blaneet 

OR FLEXIBLE TYPES 
Fibeb. 


INSULATION-SEMI- 
RIGID TYPE 
Fibee 


Typical 

Chemically treated wood fibers held between 

layers of strong paper/ 

Eel gr^ betw^n strong paper/ 

Flax fibers between strong paper/ 

Hair felt between layers of paper/ 

Kapok between burlap or paper/ 


Felted cattle hair/.., 


Flax/ 

Flax and lye/ 

Felted hair and asbestos/... 
75% hair and 25% jute/_« 
50% hair and 50% jute/-.. 

Jute/ 

Felted jute and asbestos/-. 
Compressed peat moss 


INSULATION-LOOSE 
FILL OR BAT TYPE 
Fibeb 


Made from ceiba fibers/-. 


Glass Wool. 

Geanxjlah 

Gtpsum, 


MnncBAL Wool™ 

Regbanlilated Cork 

Rock Wool..— 


Fibrous material made from dolomite and 

silica 

Fibrous material made from slag 

Fibrous material 25 to 30 microns in dia- 
meter, made from virgin bottle glass 

Made from combined silicate of lime and 

alumina-..- — 

Cellular, dry 


Flaked, dry and fluffy/ 


AH forms, typical 

About %-in. particles 

Fibrous material made from rock 


Sawuust 

Shavings 


Rock wool with a binding agent 

Rock wool with flax, straw pulp, and binder 

Rock wool with vegetable fibers 

Ordinary 

Ordinary- 


INSULATION-RIGID 
Corkboarp 


Typical 

No added binder.., 


Asphaltic binder. 

Typical 

M^e from chemically treated wood fiber 

Made from chemically treated wood and 
vegetable fibers 


For notes see Page 95. 


Mean Temp. 

(Dbg Fahr) 

Conductivity (/:) 

OR 

Conductance ( C ^) 

|si 

1 2 
s s 


0.27* 

3.70 

70 

0.25 

4.00 

90 

0.26 

3.85 

90 

0.25 

4.00 

90 

0.28 

3.57 

75 

0.25 

4.00 

90 

0.24 

4.17 

90 

0.26 

3.84 

90 

0.26 

3.84 

70 

0.30 

3.33 

90 

0.32 

3.12 

90 

0.28 

3-57 

90 

0.27 

3.70 

90 

0.26 

3.85 

75 

0.25 

4.00 

90 

0.37 

2.70 

70 

0.26 

3.84 

75 

0.23 

4.35 

75 

0.24 

4.17 

75 

0.27 

3.70 

103 

0.27 

3.70 

75 

0.27 

3.70 

72 

0.24 

4.17 

90 

1.00 

1.00 

90 

0.77 

1.30 

90 

0.59 

1.69 

90 

0.44 

2.27 

90 

0.60 

1.67 

90 

0.52 

1.92 

75 

0.48* 

2.08 

90 

0.35 

2.86 

75 

0.34 

2.94 

_ 

0.27* 

3.70 

90 

0.31 

3.22 

90 

0.30 

3.33 

90 

0.29 

3.45 

90 

0.28 

3.57 

90 

0.27* 

3.70 

77 

0.33 

3.03 

75 

0.38 

2.63 

72 

0.31 

3.22 

86 

1.04 

0.96 

56 

0.71 

1.41 


0.30* 

3.33 

90 

0.34 

2.94 

90 

0.30 

3.33 

90 

0.27 

3.70 

90 

0.25 

4.00 

90 

0.32 

3.12 


0.33* 

3.03 

70 

0.36 

2.78 

75 

0,38 

2.63 
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Table 2. Conductivities {k) and Conductances (Ca) of Building 
Materials and Insltlators — Continued 

The coefficients are expressed in Btu per hour per square foot per degree Fahrenheit per 1 in. thickness, 
unless otherwise indicated. 


Material 

Description 

Density 
(Lb per Cu Ft) 

Mean Temp, 

(Deg Fahb) 

Conductivity (^:) 

OR 

Conductance (C ) 

Sg| 

g g 

£2 

Sc 5 

IS » 

g 

§ 

i 

< 

insulation-rigid 

—Continued 

Fiber 


15.00 

17.90 

15.20 

71 

78 

70 

0.33 

0.32 

0.32 

3.03 

3.12 

3.12 

(3) 

(4) 
(3) 

(3) 

(3) 

(1) 

(3) 

(3) 

(3) 

{3} 

(3) 

3) 

(6) 

(3) 

(3) 

(1) 

“ “ exploded wood fiber 

“ “ hard wood fibars... _ . . 


Insulating plaster 9/10-in. thick applied to 
5^-in. plaster hoard 

54.00 

75 

1.07t 

0.34 

0.93 


Made from licorice roots .. . 

16.10 

81 

2.94 


Made from 85% magnesia and 15% asbestos 

Made from shredded wood and cement 

“ “ sugar cane fiber 

19.30 

24.20 

13.50 

86 

72 

70 

0.51 

0.46 

0.33 

1.96 

2.17 

3.03 


Sugar cane fibw insulation blocks encased in 
asphalt membrane 

13.80 

70 

0.30 

3.33 


Made from wheat straw 

“ “ wood fiber 

17.00 

15.90 

68 

72 

0.33 

0.33 

3.03 

3.03 



15.00 

70 

0.33 

3.03 


a a an 

52 

0.33 

3.03 


u u u u 

8.50 

72 

0.29 

3.45 


n a u u 

15.20 

0.33 

3.03 


a a a a 

16.90 

90 

0.34 

2.94 



BUILDING BOARDS 


123.00 

20.40 

60.50 

86 

no 

86 

2.70 

0.48 

0.84 

0.37 

2.08 

1.19 

(1) 

(2) 

(2) 

(3) 

(1) 

Cl) 


Corrugated asbestos board 

Pressed asbestos mill board ... 



48.30 

110 

0.29 

3.45 

Gypsum- 

Gypsum between layers of heavy paper 

62.80 

70 

1.41 

0.71 


Rigid, gyijsum between layere of heavy 
paper (fA-m thick) 

53.50 

90 

2.60t 

3.60t 

3.73t* 

2.82t* 

0.38 

PliASTBB Boa^ 

Gypsum mixed with sawdust between layers 

of heavy paper C0.39-in- thick) 

in ) 

60.70 

90 

0.28 

0.27 


in 1 



0.35 







ROOFING CONSTRUCTION 



Asphalt, composition or prepared 

Rnilt np — thick 

70.00 

75 

6.50r 

3.53t* 

1.33t 

O.S8t 

6.00t* 

6.50t* 

0.15 

(3) 


0.28 


Built up, bitumen and felt, gravel or slag 
surfac^o 



0.75 

j (2) 


Plaster board, gypsum fiber concrete and 
3-ply roof covering. _ — 

i 52.40 

65.00 

70.00 

76 

75 

75 

1.72 

0.17 

0.15 

(4) 

(3) 

(3) 

Shingles. 

Asbffltos . . 

Asphalt 


Slate _. . 

201.00 

10.37* 

0.10 

(7) 


Wood . 


1.28t* 

0.78 






PLASTERING MATERIALS 

Punster... 

Cement 


! 

8.00 

0.13 

(2) 


Gypsum, typical 



3.30* 

0.30 


Thickness ^ in. 


73 

I 8.80t 

0.11 

(4) 

I^Ietal Lath and Plaster 

Total thickness in . 


4.40t* 

0.23 

Wood Lath and Plaster 

plaster, total thickness ^ in 


i 70 

2. sot* 

0.40 

(4) 




BUILDING 

CONSTRUCTIONS 

Framtr . 

1-in. fir sheathing and building paper_ 

1-in. fir dieathing,^ buil(fing paper, and 
! yellow pine lap siding . . 


30 

! 0.7ir 
o.sot* 

1.41 

(4) 

(4) 



20 

2.00 


! l-in. fir sheathing, buil^&ng paper and stucco 
! Pine lap siding and builcung paper— siding 

4- in. wide ... _. _ 

1 

20 

16 

0.82t* 

0.85t* 

1,22 

1.18 

(4) 

(4) 


Yellow pine lap siding 


1.28t* 

1 1.20 

0.78 

Fi>noRiNo.. 

Maple — across grain 

40'.’00 

75 

0.83 

(3) 


Rattleahip linoleum ) 

1.36t* 

0.74 







For notes see Page 95. 
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Table 2. Conductivities (k) and Conductances (Ca) of Building 
Materials and Insulators— -C ontinued 

The coefficients are expressed in Btu per hour per square foot per degree Fahrenheit per 1 in. thickness, 
unless otherwise indicated. 


Material 


Description 


AIR SPACE AND SURFACE 
COEFFICIENTS 
Am Spaces 


StJEPACES, Ordinary 

StJRPACE, Bright Aluminum 


AIR SPACESTACED WITH 
BRIGHT ALUMINUM 
FOIL 


WOODS (Across Grain) 
Balsa 


CalifoeniaIRedwood 


Cypress-. 


Douglas Fir- 


Eastern Hbmlocr... 


Hard MapleJ.^ 


Over K-iiu faced with ordinary building 

materials 

Still air (/i) - 

IS mph-^/o) — 

Still air C/i) 


Air space, faced one side with bright alumi- 
num foil, over H-in. wide. 


Air space, faced one side with bright alumi- 
num foil, ^in. wide 

Air space, faced both sides with bright 

aluminum foil, over H-in. wide. 

Air space, faced both sides with bright 

aluminum foil, ^-in. wide 

Air space divided in two with single curtain 
of bright aluminum foil (both sid^ bright) 
Each space over %-in. wide. 


Each space wide — 

Air space with multiple curtains of bright 
aluminum foil, brigbt on both sides, 
curtains more than ^-in. apart, in 
standard construction 

2 curtains, forming 3 spaces 

3 curtains, forming 4 spaces 

4 curtains, forming 5 spaces 


0% moisture.... 

0 % « .... 

8 % “ .... 

8 % “ - 

16 % « .... 

16 % “ .... 


0% moisture... 

0 % “ - 

8 % “ - 

8 % “ - 

16 % " „ 

16 % “ .. 

0% moisture.. 
0 % ! - 


16 % ‘‘ - 

16 % “ - 

0% moisture.. 

0 % “ - 

8 % “ - 

8 % “ - 

16 % “ .. 

16 % " .. 


Density 
(Lb per Cu Ft) 

Mean Temp. 

(Deg Fahr) 

Conductivity ( k ) 

OH 

Conductance (C^) 

S Pi g 

H o c 
^ 2 

s s 

m QQ 

a a 

Authority j 


40 

i.iot* 

0.91 

( 4 ) 



1 . 65 t * 

0.61 

( 4 ) 



6 . 00 t * 

0.17 

( 4 ) 



60 

1 . 18 t 

0.85 

.... 


50 

0 . 46 t * 

2.17 

( 4 ) 



50 

0 . 62 t 

1.61 

( 4 ) 


50 

0 . 41 t * 

2.44 

( 4 ) 



50 

O . S 7 t 

1.75 

( 4 ) 


50 

0 . 23 t * 

4.35 

( 4 ) 


50 

0 . 31 t 

3.23 

( 4 ) 


50 

0 . 15 t * 

6.67 ' 




50 

O . llf * 

9.09 j 

4) 


50 

0 . 09 t * 

11.11 ; 

( 4 ) 

20.0 

90 

0.58 

1.72 

( 1 ) 

8.8 

90 

0.38 

2.63 


7.3 

90 

0.33 

3.03 


22.0 

75 

0.66 

1.53 

( 4 ) 

28.0 

75 

0.70 

1.43 

( 4 ) 

22.0 

75 

0.70 

1.43 

4 ) 

28.0 

75 

0.75 

1.33 

( 4 ) 

22.0 

75 

0.74 

1.35 

( 4 ) 

28.0 

75 

0.80 

1.25 

( 4 ) 

28.7 

86 

0.67 

1.49 

Cl ) 

26.0 

75 

0.61 

1.64 

( 4 ) 

34.0 

75 

0.67 

1.49 


26.0 

75 

0.66 

1.52 

( 4 ) 

34.0 

75 

0.75 

1.33 

( 4 ) 

26.0 

75 

0.76 

1.32 


34.0 

75 

0.82 

1.22 


22.0 

75 

0.60 

1.67 

( 4 ) 

30.0 

75 

0.76 

1.32 


22.0 

75 

0.63 

1.59 

( 4 ) 

30.0 

75 

0.81 

1.23 

C 4 ) 

22.0 

75 

0,67 

1.49 

C 4 ) 

30.0 

75 

0.85 

1.18 

C 4 ) 

40.0 

75 

1.01 

0.99 

( 4 ) 

46.0 

75 

1.05 

0.95 

( 4 ) 

40.0 

75 

1.08 

0.93 

( 4 ) 

46.0 

75 

1.13 

0.89 

( 4 ) 

40.0 

75 

1.15 

0.87 

( 4 )- 

46.0 

75 

1.21 

0.83 

( 4 ) 


For notes see Page 95. 
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Table 2. Conductivities { h ) and Conductances (Ca) of Building 
Materials and Insulators — Continued 


The ccefir.ients are expressed in Btu per hour per square foot per degree Fahrenheit per 1 in, thickness, 
unless otherwise indicated. 


Material 

Description 

Density 
(Lb per Cu Ft) 

Mean Temp. 

(Deg Fare) 

Conductivity ( k ) 
on 

Conductance 

|Si 

m QQ 

« W 
« « 

Authority 

WOO DS — Continued 








0 % moiRtlirft 

30.0 

75 

0.76 

1.32 

(4) 


0% “ . 

40.0 

75 

0.86 

1.16 

(4) 


8% “ - 

30.0 

75 

0.83 

1.21 

(4) 


8% “ - 

40.0 

75 

0.95 

1,05 

(4) 


16% “ _ 

30.0 

75 

0.89 

1.12 

(4) 


16% “ 

40.0 

75 

1.03 

0.97 

(4) 



34.3 

86 

0.90 

1.11 

(1) 



44.3 

86 

1.10 

0.91 

(1) 

Mapt-ib or Oa-st 




1.15* 

0.87 



22.0 

75 

0.62 

1.61 

C4) 


0% “ .. 

32.0 

75 

0.74 

1.35 

(4) 


8% « - 

22.0 

75 

0.68 

1.47 

(4) 


8% “ - 

32.0 

75 ' 

0.83 

1.21 

(4) 


16% “ - 

22.0 

75 

0.74 

1.35 

(4) 


16% « - 

32.0 

75 

0.91 

1.10 

(4) 

Red Ctpress- 

n% moifitnrA... 

22.0 

75 

0.67 

1.49 

(4) 


0% 

32.0 

75 

0.79 

1.27 

(4) 


8% “ - 

22.0 

75 

0,71 

1.41 

(4) 


8% 

32.0 

75 

0.84 

1.19 

(4) 


16% « .. 

22.0 

75 

0.74 

1.35 

(4) 


16% “ - 

32.0 

75 

0.90 

1.11 

U ) 

Red OaX- 

0% moiRtiirfi . . . 

38.0 

75 

0.98 

1.02 

(4) 


0% “ - 

48.0 

75 

1.18 

0.85 

f4) 


8% “ .. 

38.0 

75 

1.03 

0.97 

(4) 


8% “ - 

48.0 

75 

1.24 

0.81 

(4) 


16% “ 

38.0 

75 

1.07 

0.94 

(4) 


16% “ 

48.0 

75 

1.29 

0.78 

(4) 

Shohtleaj* YfeLLOw Pine 

n% mniafrirA.. , . 

26.0 

75 

0.74 

1.35 

U) 


0% “ 

36.0 

75 

0.91 

, 1.10 

(4) 


8% « - 

26.0 

75 

0.79 

! 1.27 

(4) 


8% 

36.0 

75 

0.97 

1.03 

(4) 


16% « .. 

26.0 

75 

0.84 

I 1.19 

(4) 


16% “ _ 

36.0 

75 

1.04 

I 0.96 

4) 

SoprEr^if--. . 

n% moist.^Trf! . _ _ 

28.0 

75 

0.73 

1.37 

(4) 


0% - - 

34.0 

75 

0.88 

1.14 

\^} 


8% 

28.0 

75 

0.77 

1 1.30 

(4) 


8% " .. 

34.0 

1 75 

0.93 

1 1.08 

4) 


16% “ 

28.0 

! 75 

0.81 

1.24 

4> 


16% « ~ 

34.0 

75 

0.97 

1.03 

(4> 

Soft Mapub.— 

f>% TnoiR+,nrp . 

1 36.0 

75 

0.89 

1.12 

(4) 


0% « 

! 42.0 

75 

0.95 

1.05 

(4) 


8% “ ... 

36.0 

75 

1 0.96 

1.04 

(4> 


8% “ „ 

42.0 

75 

1.02 

0.98 

4) 


16% « _ . - . „ 

36.0 

75 

, 1.01 

0.99 

(4) 


16% " 

42.0 

75 

1.09 

0.92 

4V 

StiGaii Pinb..„ 

0% moisture - 

22.0 

; 75 

0.54 

1.85 

(4) 


0% “ _ 

28.0 

75 

0.64 

1.56 

(4) 


8% « ... .„ „ 

22.0 

75 

! 0.59 

1.70 

■(4> 


8% “ 

! 28.0 

75 

! 0.71 

1.41 

4> 


16% “ . 

22.0 

75 

0.65 

1.54 

4) 


16% “ _ 

1 28.0 

75 

0.78 

1.28 

4> 

Virginia Pine 


1 34.3 

86 

0.96 

i;o4 

U) 

West Coaot Hemlock 

0% moisture _ ., 

22.0 

75 

0.68 

1.47 



0% “ - 

30.0 

75 

0.79 

1.27 

4> 


8%c “ - 

22.0 

75 

0.73 

1.37 

(4> 


8% “ . .... 

30.0 

75 

0.85 

1.18 

(4) 


16% “ 

22.0 

75 

0.78 

1.28 

(4> 


16% " .. ... 

30.0 

75 

0.91 

1.10 

(4) 

White Pine 


31.2 

86 

0.78 

1.28 

(1> 

Yeixow. Ptntb 




1.00 

1.00 

(3> 

Yellow Pine or Fir 




0.80* 

1.25 









For notes see Page 95. 
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Table 3. Coefficients of Transmission ( U ) of Masonry Walls<i 


TYPICAL 

construction 







re expressed in Bin per hour per square foot per 
ifference in temperature between the air on the two 
on a wind velocity of 15 ntph. 

degree 

sides. 



Thickness 



OP 

Wall 

TYPE OF WALL 

Masonbt 

No. 


(Inches) 


SoUd Brick 

8 

1 

Based on 4-in. face brick and the remainder 

12 

2 

common brick. 

16 

3 

Hollow TUe 



Stucco Exterior Finish. 



The 8-in. and 10-in. tile figures are based on 

8 

4 

two cells in the direction of flow of heat. The 

10 

5 

12-in. tile is based on three cells in the direc- 

12 

6 

tion of flow of heat. The 16-in. tile consists 

16 

7 

of one 10-in. tile and one 6-in. tile each having 
two cells in the direction of heat flow. 

i 



8 

8 


12 

9 

Limestone or Sandstone 

16 

10 


24 

11 

Concrete 

6 

12 

These figures may be used with sufficient 

10 

13 

accuracy for concrete walls with stucco 

16 

14 

exterior finish. 

20 

15 

Hollow Cinder Blocks 

8 

16 

Based on one air cell in direction of heat flow. 

12 

17 

Hollow Concrete Blocks 

8 

18 

Based on one air cell in direction of heat flow. 

12 

19 


“Computed from factors marked by * in Table 2. 

^ Based on the actual thickness of 2-in. furring strips. 
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Chapter 5 — Heat Transmission Coefficients and Tables 


INTERIOR FINISH 


UNINSCTLiTED WiLLS 


Insuiated Walls 


Plain walla— no interior finiah 

1 

a 

o 

.B 

5 

M 

s 

(L, 

Plaster on wood lath — furred 

«S 

J: 

S 

8 

G 

0 

at 

V 

1 

CL 

T3 

p. 

J 

§ 

■ft 

C 

§ 

Decorated building board in.) 

without plaster — furred 

Plaster (H in.) on rigid insulation 
iH in.)— furred 

Plaster (14 in.) on rigid insulation 
(1 in.) — furred 

B 

5 

i? 

§s 

°8 

■St 

rs 

“ G 

MS 

5 § 

Plaster in.) on metal lath attached 

to furring strips — furred apace (over 
^-in. wide) faced one aide with 
bright aluminum foil 

Plaster on metal lath attached to 
-furring strips (2 in.**) — rock wool 
fill (IM 

Plaster {^4 in.) on metal lath attached 
to furring strips (2 in.*) — flexible 
insulation m.) between furring 

strips (one air space) 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

0.50 

0.46 

0.30 

0.32 

0.30 

0.23 

0.22 

0.16 

0.14 

0.23 

0.12 

0.20 

0.36 

0.34 

0,24 

0.25 

0.24 

0.19 

0.19 

0.14 

0.12 

0.19 

0.11 

0.17 

0.28 

0.27 

0.20 

0.21 

0.20 

0.17 

0.16 

0.13 

0.11 

0.17 

0.10 

0.15 

0.40 

0.37 

0.26 

0.27 

0.26 

0.20 

0.20 

0.15 

0.13 

0.20 

0.11 

0.18 

0.39 

0.37 

0.26 

0.27 

0.26 

0.20 

0.19 

0.15 

0.13 

0.20 

0.11 

0.18 

0.30 

0.29 

0.22 

0.22 

0.22 

0.17 

0.17 

0.13 

0.12 

0.17 

0.10 

0.16 

0.25 

0.24 

0.19 

0.19 

0.19 

i 

0.15 

0.15 

0.12 

0.11 

0.15 

0.097 

0.14 

0.71 

0.64 

0,37 

0.39 

0.37 

0.26 

0.25 

0.18 

0.15 

0.26 

0.13 

0.23 

0.58 

0.53 

0.33 

0.34 

0.33 

0.24 

0.23 

0,17 

0.14 

0.24 

0.13 

0.21 

0.49 

0.45 

0.30 

0.31 

0.30 

0.22 

0.22 

0.16 

0.14 

0.22 

0.12 

0.20 

0.37 

0.35 

0.25 

0.26 

0.25 

0.20 

0.19 

0.15 

0.13 

0.20 

0.11 

0,18 

0.79 

0.70 

0.39 

0.42 

0.39 

0.27 

0.26 

0.19 

0.16 

0.27 

0.13 

0.23 

0.62 

0.57 

0.34 

0.37 

0,34 

0.25 

0.24 

0.18 

0.15 

0.25 

0.13 

0.22 

0.48 

0.44 

0-29 

0.31 

0.29 

0.22 

0.21 

0.16 

0.14 

0.22 

0.12 

0.20 

0.41 

0.39 

0.27 

0.28 

0.27 

0.21 

0.20 

0.15 

1 0.13 

0.21 

0.12 

0.18 

0.42 

0.39 

0.27 

0.28 

0.27 

1 

‘ 0.21 

0.20 

0.16 

0.13 

0.21 

1 0.12 

0.19 

0.37 

0.35 

0.25 

! 0.26 

. 

0.25 

0.19 

0.19 

0.15 

0.13 

0.19 

1 0.11 

0.17 

0.56 

0,52 

0.32 

0.34 

0.32 

' 0.24 

0.23 

0.17 

0.14 

0.24 

i 0.12 

0.21 

0.49 

0.46 

0.30 

0,32 

0.30 

0.23 

1 0.22 

0.16 

0.14 

0.23 

0.12 

0.20 


‘A waterproof membrane shonld be provided between the outer paaterial and the insulation fill to 
prevent possible wetting by absorption and a subsequent lowering of efficiency. 
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Ta^ble 4. Coefficients of Transmission ( U ) of Masonry Walls 
WITH Various Types of Veneers<2 


Coejfficients are expressed in Btu per hour per square foot per degree 
Fahrenheit difference in temperature between the air on the two sides, 
and are based on a wind velocity of 15 mph. 


TYPE OF WALL 


TYPICAL 

CONSTRUCTION 


Wall 

No. 


Facing 







4 in. Brick Veneer<^ 


4 in. Brick Veneer^ 


4 in. Brick Veneer'^ 


4 in. Brick Veneer‘d 


4 in. Cut-Stone Veneer‘d 


4 in. Cut-Stone Veneer^ 


4 in. Cut-Stone Veneer** 


6 in. 
8 in. 
10 in. 
12 in. 


6 in. 
10 in. 
16 in. 


8 in. 
12 in. 


8 in. 
12 in. 


8 in. 
12 in. 
16 in. 


6 in. 
8 in. 
10 in. 
12 in. 


6 in. 
10 in. 
16 in. 


Backing 


Hollow Tile*' 


20 

21 

22 

23 


Concrete 


24 

25 

26 


Cinder Blocks** 


27 

28 


Concrete Blocks* 


29 

30 


Common Brick 


31 

32 

33 


Hollow Tile* 


34 

35 

36 

37 


Concrete 


38 

39 

40 


“Computed from factors marked by * in Table 2. 

Based pn the actual thickness of 2-in. furring strips. 

‘The 6-in., 8-in. and 10-in., tile figures are based on two cells in the direction of heat flow. The 12-in. 
tile is based on three cells in tfie direction of heat flow. 
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>* 1 Plain walls — no interior finish 


Chapter 5 — Heat Transmission Coefficients and Tables 


INTERIOR FINISH 


Umnsttlated Walls Insdlated Walls 



B C D E F G H I J K L 


0.36 

0.34 

0.24 

0.25 

0.24 

0.19 

0.19 

0.16 

0.13 

0.19 

0.11 

0.17 

0.34 

0.33 

0.24 

0.25 

0.24 

0.19 

0.18 

0.14 

0.12 

0.19 

0.11 

0.17 

0.34 

0.32 

0.23 

0.24 

0.23 

0.19 

0.18 

0.14 

0.12 

0.19 

0.11 

0.17 

0.27 

0.26 

0.20 

0.21 

0.20 

0.16 

0.16 

0.13 

0.11 

0.16 

0.10 

0.15 

0.57 

0.53 

0.33 

0.35 

0.33 

0.24 

0.23 

0.17 

0.14 

0.24 

0.13 

0.21 

0.48 

0.45 

0.30 

0.31 

0.30 

0.22 

0.22 

0.16 

0.14 

0.22 

0.12 

0.20 

0.39 

0.37 

0.26 

0.27 

0.26 

0.20 

0.19 

0.15 

0.13 

0.20 

0.11 

0.18 

0.35 

0.33 

0.24 

0.25 

0.24 

0.19 

0.18 

0.14 

0.12 

0.19 

0.11 

0.17 

0.31 

0.30 

0.22 

0.23 

0.22 

0.18 

0.17 

0.14 

0.12 

0.18 

0.11 

0.16 

0.44 

0.42 

0.28 

0.30 

0.28 

0.21 

0.21 

0.16 

0.13 

0.21 

0.12 

0.19 

0.40 

0.38 

0.26 

0.28 

0.26 

0.20 

0.20 

0.15 

0.13 

0.20 

0.11 

0.18 

0.37 

0.35 

0.25 

0.26 

0.25 

0.19 

0.19 

0.15 

0.13 i 

0.19 

0.11 

0.17 

0.28 

i 0.27 

0.21 

0.21 

0.21 

0.17 

0.16 

0.13 

0.12 

0.17 I 

0.10 

0.15 

0.23 

j 0.22 

0.18 

0.18 

0.18 

0.15 

0.14 

0.12 

0.11 

0.15 1 

0.095 

0.14 

0.37 

t 

0.35 

0.25 

0.26 

0.25 

0.20 

0.19 

0.15 

0.13 

0.20 

0.11 

0.18 

0.36 

0.34 

0.24 

: 0.25 

0.24 

0.19 

0.19 

0.15 

0.13 

0.19 

0.11 

0.17 

0.35 

0.33 

0.24 

0.25 

0.24 

0.19 

0.18 

0.14 

0.12 

0.19 

0.11 

0.17 

0.28 

0.26 

1 0.20 

0.21 

0.20 

0.17 

0.16 

0.13 

0.11 

0.17 

0.10 

0.15 

0.61 

0.56 

0.34 

0.36 

0.34 

0.25 

0.24 

0.18 

0.15 

0.25 

0.13 

0.22 

0.51 

1 0.47 

0.31 

0.32 

0.31 

0.23 

0.22 

0.17 

0.14 

0.23 

0.12 

0.20 

0.41 

1 0.38 

0.26 

0.28 

0.26 

0.20 

0.20 1 

0.15 

0.13 

0.21 

0.11 

0.18 


‘^Calculations include cement mortar in.) between veneer or facing and backing. 

•Based on one air cell in direction of beat Row. 

/A waterproof membrane should be provided between the outer material and the insulation fill to 
prevent possible wetting by absorption and a subsequent lowering of eflSdency. 

103 



American Society of Heating and Ventilating Engineers Guide, 1935 


Table 5. Coefficients of Transmission ( IT ) of 
Various Types of Frame Construction^^ 


These coeficients are expressed in Btu per hour per square foot per 
degree Fahrenheit difference in temperature between the air on the two 
sides, and are based on a wind velocity of 16 mph. 


TYPICAL 

construction 


exterior finish 


type of sheathing 


Wa.ll 

No. 





/HtfCrUlNGJ 

ytUFA 





1 in. Wood‘d 


Wood Siding or Clapboard 


H in. Rigid Insulation 


in. Plaster Board 


1 in. Wood<^ 


Wood Shingles 


H in. Rigid Insulation* 


in. Plaster Board* 


1 in. Wood** 


Stucco 


H in. Rigid Insulation 


^ in. Plaster Board 


1 in. Wood'^ 


Brick/ Veneer 


in. Rigid Insulation 


in. Plaster Board 


41 


42 


43 


44 


46 


48 


49 


50 


51 


52 


"Computed from factors marked by * in Table 2. 

^These coefficients may alsolbeXused with sufficient accuracy for plaster on wood lath or plaster on 
plaster board. 

"Based on the actual width of 2 by 4 studding, namely, in. 
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INTERIOR FINISH 


No Insitlation Between Studding 

Insulation Between Studding 

Plaster on wood lath on studding 

Plaster in.) on metal lath on 

studding 

Plaster (H in.) on plaster board 
{Vi in.) on studding 

Plaster in.) on rigid insulation 

(K in.) on studding 

Plaster in.) on rigid insulation 

(t in.) on studding 

Plaster (M in.) on corkboard in.) 

on studding 

No plaster— decorated rigid or build- 
ing board interior finish in.) 

Plaster in.) on metal lath — stud 

space faced one side with bright 
aluminum foil 

Plaster (5^ in.) on metal lath** on 
studding — ^rock wool fill (3^ in,«) 
between studding^ 

Plaster in.) on metal lath** on 

studding — flexible insulation (34 in.) 
between studding and in contact with 
sheathing 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

0.25 

0.26 

0.25 

0.19 

0.15 

0.11 

0.19 

0.19 

0.061 

0.17 

0.23 

0.24 

0.23 

0.18 

0.14 

0.11 

0.18 

0.18 

0.060 

0.17 

0.31 

0.33 

0.31 

0.22 

0.17 

0.13 

0.23 

0.23 

0.064 

0.20 

0.25 

0.26 

0.25 

0.19 

0.15 

0.11 

0.19 

0.19 

0.061 

0.17 

0.19 

0.20 

0.19 

0.15 

0.12 

0.10 

0.16 

0.16 

0.057 

0.14 

0.24 

0.25 

0.24 

0.19 

0.15 

0.11 

0.19 

0.19 

0.061 

0.17 

0.30 

0.31 

0.30 

0.22 

0.16 

0.12 

0.22 

0.22 

. 0.064 

0.20 

0.27 

0.29 

0.27 

0.20 

0.16 

0.12 

0.21 

0.21 

0.062 

0.19 

0.40 

0.43 

0.40 

0.26 

0.19 

1 

0.14 

0.28 

0.28 

0.067 

0.24 

0.27 i 

0.28 

! 

■ 0.27 

0.20 

0.15 

0.12 

0.21 

0.21 

0.062 

0.18 

0.25 

0.26 

0.25 

0.19 

0.15 

0.11 

0.19 

0.20 

0.061 

0.18 

0.35 

0.37 

0.35 

0.24 

0.18 

0.13 

0.25 

0.25 

0.066 

0.22 


ellow pine or fir — actual thickness about in. 

«Furring strips between wood shingles and sheathing. 

■''Small air space and mortar between building paper and brick veneer neglected. 

*A waterproof membrane should Be provided between |he outer material and the insulation fill to 
prevent possible wetting by absorption and a subsequent Ibwering of efiSciency. 
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Table 6. Coefficients of Transmission (U) of Frame Interior Walls 

AND PaRTITIONS<J 

Coeficienis are expressed in Btu per hour per square foot per degree Fahrenheit difference in temperature 
between the air on the two sides, and are based on still air (no wind) conditions on both sides. 


TYPICAL CONSTRUCTION 

PU/tfiR. 

Wall 

No. 

Single 
Partition 
(Finish 
ON One 
Side op 
Studding) 

DOUBLE PARTITION 
(Finished on Both Sides op Studding) 

Air 

Space 

Between 

Studding 

Flaked 

Between 

Studding 

Rock 

Wool 

Fmi> 

Between 

Studding 

Flexible 
Insulation 
Between 
Studding 
(One Air 
Space) 

Stud Space Faced 
One Side with 
Bright Aluminum 
Foil 

Type of Wall 


a 

B 

c 

D 

E 

F 

Wood Lath and Plaster 

On Studding 

53 

0.62 

0.34 

0.11 

0.065 

0.21 

0.24 

Metal Lath and Plaster* 

On Studding 

54 

0.69 

0.39 

0.11 

0.066 

0.23 

0.26 

Plaster Board (5^ in.) and 
Plaster^ On Studding 

55 

0.61 

0.34 

0.10 

0.065 

0.21 

0.24 

^ in. Rigid Insulation and 
Plaster^ On Studding 

56 

0.35 

0.18 

0.083 

0.056 

0.14 

0.15 

1 in. Rigid Insulation and 
Plaster^ On Studding 

57 

0.23 

0.12 

0.066 

0.048 

0.097 

0.10 

IM in. Corkboard and 
Plaster^ On Studding 

58 

0.16 

0.081 

0.052 

0.040 

0.070 

0.073 

2 in. Corkboard and 

Plaster^ On Studding 

59 

0.12 

0.063 

0.045 

0.035 

0.057 

0.059 


•Computed from factors marked by * in Table 2. «Plaster on metal lath assumed ^-in. thick. 

**Thickness assumed SH in. ^Plaster assumed H-in. thick. 


Table 7. Coefficients of Transmission (U) of Masonry Partitions® 

Coefficients are expressed in Btu per hour per square foot per degree Fahrenheit difference in temperature 
between the air on the two sides, and are based on still air {no wind) conditions on both sides. 


TYPICAL CONSTRUCTION 





(AH/OKlUfi ^ ^ 








No. 

Plain Walls 
(No Plaster) 

Walls 

Plastered 

ON One Side 

Walls 

Plastered 

ON Both Sides 

Type of Wall 


A 

B 

C 

4-in. Hollow Clay Tile 

60 

0.45 

0.42 

0.40 

4-in. Common Brick 

61 

0.50 

0.46 

0.43 

4-in. Hollow Gypsum Tile 

62 

0.30 

1 0.28 

0.27 

2-in. Solid Plaster 

63 



0.53 


•Computed from factors marked by * in Table 2, 
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^Computed from factors marked by * in Table 2. 
••Thickness assumed to be *5^ in. 
eThickness assumed to be % in. 



Table 9. Coefficients of Transmission ( U ) of Concrete Construction Floors and Ceilings^ 

CoeMcients are expressed in Btu per hour per square foot per degree Fahrenheit difference in temperature between the air on the two sides, 
and are based on still air {no wind) conditions on both sides. 
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M-in. 
Battleship 
Linoleum 
Directly 
on Concrete 

a 

0.44 

0.41 

0.38 

0.36 

r-IOOO'?t< 

Tticoeooo 

d d d d 

a5COb*»o 
CM <N CM CM 

dddd 

CJO 'O lO 

CM CM CM <M 

d d d d 

0.21 

0.20 

0.19 

0.19 

0.14 

0.13 

0.13 

0.13 

a 

Tile or 
Terrazzo-^ 
Flooring on 
Concrete 

Q 

0.61 

0.56 

0.51 

0.47 

o<Nb*'<c< 

d d d d 

eOrftcM^H 
CO CO CO CO 

dddd 

Tj^CMOCS 
CO CO CO CM 

d d d d 

rttCOCMiH 
CM CM CM CM 

dddd 

0.14 

0.14 

0.14 

0.14 

o 

o 

o 

w 

G 

Maple or Oak 
Flooring* on 
Yellow Pine 
Sub-Flooring® 
on Wood 
Sleepers 
Embedded in 
Concrete 

a 

0.31 

0.30 

0.28 

0.27 

OOOb-CO 
CO (N CO CM 

dddd 

eocMi-H.-^ 

CMCMCMCM 

dddd 

0.22 

0.21 

0.21 

0.20 

0.17 

0.17 

0.16 

0.16 

0.12 

0.12 

0.11 

0.11 


Yellow Pine 
Flooring® on 
Wood Sleepers 
Embedded 
in Concrete'* 

n 

CO 00 CO 

d d d d 

OOlOCOCvJ 
CO CO CO CO 

dddd 

O00»0r}< 

CMCMOMCM 

dddd 

CDlCrttCO 
CM CM CM CM 

d d d d 

0.20 

0.19 

0.18 

0.18 

CC WNCM 

d d d d 


No Flooring 
(Concrete 
Bare)^ 


iCfflCOOS 

d d d d 

CSTt<0>0 

l£3»0»0Tt< 

dddd 

l>.kOCOCM 
CO CO CO CO 

dddd 

0.35 

0.33 

0.31 

0.30 

•rttCOCMCM 
CM CM CM CM 

d d d d 

0.15 

0.14 

0.14 

0.14 

No. 



wnoooo 

CNOiMCS 

fO^iOsO 

tsoocbo 

*HPM 

CMeSCMCM 

Thickness 

OF 

Concrete 

(Inches) 

i 

•^COOOO 

^OOOO 

t-H 

^J<0000 

rj^coooo 

xJ^COOOO 

TbCOOOO 

TYPICAL CONSTRUCTION 

^FLOOR.m<3 

« 

Type of Ceiling | 

No Ceiling 

in. Plaster Applied Directly to Under Side 
of Concrete 

Suspended or Furred Metal Lath and Plaster 
(M in.) Ceiling 

Suspended or Furred Ceiling of Plaster Board 
{% in.) and Plaster (3>^ in.) 

Suspended or Furred Ceiling of Rigid Insulation 
in.) and Plaster {}4. in.) 

Plaster (34 in.) on Gorkboard (134 in.) Set in 
Cement Mortar (14 in.) on Concrete 


2 

41 

G 

S 

o 


JS s 
.ti G 

^ 2* 


o o 
. 2 '2 
3 s 
u o 
o o . 
rt rt c 

C 

.2 - 

« ’3 aj 

illjs 

.S-o Inn S’" 
* 

ca ^ boE 

b H o a'R c 
-- y fl ^ o i 

a *2^ a g 0 
^ P fe R flj 

^ o aj 

o g 

M^O M o'c 
2 ” 2 « ? 
^ 3 S 3 S 0 
3 boc bflg C 
GcG^tCl^Ji 
6 <1>.2 

OXIXiJSxJ^ 
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Table 10. Cgefftcients of Transmission {U) of Concrete Floors on Ground with Various Types of Finish Flooring 

Coefficients are expressed in Bin per hour per square foot per degree Fahrenheit difference in temperature between the ground and the air over the floor, 

and are based on still air (no wind) conditions. 
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“Computed from factors marked by * in Table 2. 
^Assumed 254 in. thick. 

“Assumed in. thick. 

^Assumed 1 in. thick. 
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Table 11 . Coefficients of Transmission (U) of Various Types 
OF Flat Roofs Covered with Built-Up Roofing^ 


TYPICAL CONSTRUCTION 





Without Ceilings 

With Metal Lath 

AND 

Plaster Ceilings'^ 

TYPE OF ROOF DECK 

Thickness 

OP 

Roof 

Deck 

(Inches) 

No. 

/t4sr 

XOCFlKCi /Tut 

HOOflNtfi /“ftLE. 


Precast Cement Tile 

IH 





3 

1 



/vrtoTtx^Jr 






Uiuma^ 





INJULAUON) 
T^OOMHdi / 

mjULATLon 

HOOFING) j 


Concrete 

2 

2 

|iiiiliii"yJu.mLj^ 



1 

Concrete 

4 

3 


COHCRtTE.'^ 


Concrete 

6 

4 


tetLitid/ 





IN/ULftTlotl/ 

TtOOftHCA / 

R(5«Fir»ffl / 

Wood 

Wood 

Wood 

Wood 

Ifr 

2b 

1 4& 

5 

6 

7 

8 

waopy 


woep'' ffl 



CUUH6^. 





iNJULAtlOtl/ 
RflORMCl / 

Itl/ULATk^f 

T.flypm<rA 

y 

Gypsum Fiber Concrete® 
(2 in.) on Plaster Board 

(Vs in.) 

Gypsum Fiber Concrete® 

(3 in.) on Plaster Board 

(H in.) 



ffflllllllllnliLiiilrtJ 

f ^sTe/yn*:-.- • -V-f 



'2H 

9 

fLAJTCR. 

PUA/TCR. D^AR-P 

2l 

3H 

10 

1 


CtVHrt<S ^ 


Ihl/OLATl^ 
RaoMKg» / 

JriJaLATr^ 

ROOFIKtfi 

1 

Flat Metal Roofs 
Coefficient of transmis- 
sion of bare corrugated 






1 

iron (no roofing) is 1.50 
Btu per hour per square 
foot of projected area per 
degree Fahrenheit dif- 
ference in temperature, 
based on an outside wind 
velocity of 15 mph. 


11 



a IT ten. 




<:Eiurtd^ 





“Computed from factors marked by * in Table 2. 

^Nominal thicknesses specified — actual thicknesses used in calculations. 
^Gypsum fiber concrete— -87K per cent gypsum, 12}^ per cent wood fiber. 
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Coefficients are expressed in Btu Per hour per square fool per degree 
Fahrenheit difference in temperature between the air on the two sides, 
and are based on an outside wind velocity of 15 mph. 


WITHOUT CEILING— UNDER SIDE OF ' WITH METAL LATH AND 

HOOF EXPOSED ; PLASTER CEILINGS'^ 


.2 

3 

i 

o 

Jz; 

i 

s 

.o 

3 

3 

s 

3 

’3: 

S 

Rigid Insulation (1 in.) 

d 

i 

.2 

3 

3 

C 

'Si 

S 

Rigid Insulation (2 in.) 

Corkboard (1 in.) 

d 

5 

o 

O 

Corkboard (2 in.) 

No Insulation 

Rigid Insulation {% in.) 

Rigid Insulation (1 in ) 

Rigid Insulation in.) 

Rigid Insulation (2 in.) 

Corkboard (1 in.) 

s 

5 

3 

1 

o 

O 

d 

CM 

3 

o 

j::: 

o 

A 

B 

C 

D 

E 

F 

G 

H 

I 

j 

K 

L 

M 

N 

0 

P 

0.84 

0.37 

0.24 

0.18 

0.14 

0.22 

0.16 

0.13 

0.43 

0.26 

0.19 

0.15 

0.12 

0.18 

0.14 

0.11 

0.82 

0.37 

0.24 

0.17 

0,14 

0.22 

0.16 

0.13 

0.42 

0.26 

0.19 

0.15 

0.12 

0.18 

0.14 

0.11 

0.72 

0.34 

0.23 

0.17 

0.13 

0.21 

0.16 

0.12 

0.40 

0.25 

0.18 

0.14 

0.12 

0.17 

0.13 

0.11 

0.64 

0.33 

0.22 

0.16 

0.13 

0.21 

0.15 

0.12 

0.37 

0.24 

0.18 

0.14 

0.11 

0.17 

0.13 

0.11 

0.49 

0.28 

0.20 

0.15 

0.12 

0.19 

0.14 

0.12 

0.32 

0.21 

0.16 

0.13 

0.11 

0.15 

0.12 

0.10 

0.37 

0.24 

0.18 

0.14 

0.11 

0.17 

0.13 

0.11 

0.26 

0.19 

0.15 

0.12 

0.10 

0.14 

0.11 

0.095 

0.32 

1 0.22 

0.16 

0.13 

0.11 

0.16 

0,12 

0.10 

0.24 

0.17 

0.14 

0.11 

0.097 

0.13 

0.11 

0.092 

0.23 

0.17 

0.14 

0.11 

0.096 

0.13 

0.11 

0.091 

0.18 

0.14 

0.12 

0.10 

0.087 

0.11 

0.096 

0.082 

0.40 

0.25 

0.18 

0.14 

0.12 

0.1^^ 

0.13 

0.11 

0.27 

0.19 

0.15 

0.12 

0.10 

0.14 

0.12 

0.097 

0.32 

0.22 

0.16 

0.13 

0.11 

0.15 

0.12 

0.10 

0.23 

0.17 

0.14 

0.11 

0.097 

0.13 

0.11 

0.091 

0.95 

t " 

0.39 

1 

0.25 

1 

0.18 

0.14 

1 

i 

0.23 

0.17 

0.13 

0.46 

0.27 

i 

0.19 

0.15 

0.12 

0.18 

0.14 

0.11 


^These coefficients may be xised with sufficient accuracy for wood lath and plaster^ or plaster board and 
plaster ceilings. It is assumed that there is an air space between the under side of the roof deck and the 
upper side of the ceiling. 
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Table 12. Coefficients of Transmission { U ) of Pitched Roofs® 

Coeffi-dents are expressed in Blu Per hour per square foot per degree Fahrenheit difference in temperature between the air on the two sides. 

and are based on an outside wind velocity of 16 mph. 
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TYPE OF CEILING 
(Applied Directly to Hoop Haptkrs) 

(TII 

pRB (-RI Z) pJBOq3IJO0 

- 

o 

d 

C5 

o 

d 

0.069 

0.085 

o 

d 

0.11 

0.089 

o 

d 

0.093 

0.045 

omputed from factors marked by * in Table 2. Nos. 6 to 10, inclusive, based on 3-4-in. thick slate, 
ased on 1 in. by 4 in. strips spaced 2 in, 

gures based on two air spaces. Insulation may also be applied to under side of roof rafters wdth furring strips between, 
oofing felt between roof sheathing and slate or tile neglected in calculations, 
ssumed in. thick based on the actual width of 2 in. by 4 in. rafters, 

leathing assumed in. thick. 

r space faced on one side with bright aluminum foil. 

(•ni puR 

(■^I Hi) P-i^oqjfJOQ 

K 

0.12 

160*0 

00 

o 

d 

o 

d 

0.048 

0.13 

0.094 

0.080 

o.n 

0.049 

(HI pOR 

(•m x) noii^RinBui piSiR 

0 

0.16 

iro 

0.092 

0.13 

0.053 

0.17 

0.12 

0.095 

0.14 

irz 

O 

d 

(Ht Yi) aaiSRij puR 
(•m 5^) uoi^x^insni piSi’jj 


0.21 

0.13 

iro 

0.17 

0.058 

0.23 

0.14 

tio 

0.18 

0.059 

(•ni Y.) nor^ppisaj piSiR 

ta 

0.22 

0.14 

0.11 

0.17 

0.058 

0.24 

0.14 

0.11 

00 

d 

090*0 

•raiSRij pOR qxRT poojw 

ft 

0.29 

0.16 

0.12 

0.21 

0.062 

0.32 

0.17 

0.13 

0.23 

0.064 

(HI Y) -isiSRid; pUR 
(HI y^) pjBog aa^SRi^ 

u 

0.29 

0.16 

0.12 

0.21 

0.062 

CM 

CO 

d 

d 

CO 

d 

0.23 

0.064 

{‘n Vz) 

pnR qx'B'i 


o 

CO 

0.17 

0.13 

0.22 

890*0 

ec 

d 

CO 

d 

0.13 

0.24 

990*0 

(pasodxg sjayR^) 
SirqtaQ o|q 

•< 

0.46 





0.56 





d 

2 


<s 

fC 



o 


w 

o^ 

o 

INSULATION 

BETWEEN 

ROOF RAFTERS 

None 

3^'^ in. Flexible^ 

1 in. Flexible® 

Bright Aluminum Foih 

35^ in. Rock Wool® 

None 

£ 

M 

<U 

1 in. Flexible® 

Bright Aluminum Foil*? 

o 

o 

•8 

0 

Pi 

c 

1 

CO 

TYPE OF ROOFING 
AND 

ROOF SHEATHING 

Wood Shingles on 
Wood Strips* 

Asphalt Shingles, 
Rigid Asbestos 
Shingles, Composi- 
tion Roofing, or 
Slate or Tile 
Roofing** on Wood 
Sheathlng-*^ 

TYPICAL 

CONSTRUCTION 

4 S 

-> a 

1. 


* ^ 
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Table 13. Coefficients of Transmission (Z7) of Doors, Windows and Skylights 

Coefficients are based on a svind velocity of 15 mph, and are expressed in Btu per hour per square foot per 
degree Fahrenheit difference in temperature between the air inside and outside of the door, window or skylight 


A. Windows and Skylights 



U 


1 . 13a. tf 

Double 

0.45a 

Triple,. - 

0.281a 



B. Solid Wood Doors^* c 


NOMINiX 

Thickness 

Inches 

Actual 

Thickness 

Inches 

U 

1 


0.69 

IH 

IHe 

0.59 

IM 

1^6 

0.52 

m 

m 

0.51 

2 

Wb 

0.46 


^Vb 

0.38 

3 

2^ 

0.33 


•See Heating, Ventilating and Air Conditioning, by Harding and Willard, revised edition, 1932. 
K^omputed using C = 1.15 for wood;/i = 1.65 and/o = 6.0. 

•It is sufficiently accurate to use the same coefficient of transmission for doors containing thin wood 
panels as that of single panes of glass, namely, 1.13 Btu per hour per square foot per degree difference 
between inside and outside air temperatures. 


While most building materials have surfaces which show similar 
characteristics as far as the transmission of heat is concerned, it is a well- 
known fact that certain surfaces such as aluminum bronze, gold bronze, 
aluminum foil, or in fact any metallic, highly polished surface presents a 
greater resistance to heat transmission than the surface of the average 
building material. 

The greater heat resistance of such metallic surfaces is due primarily to 
their higher reflectivity and consequent lower emissivity of radiant heat. 
The use of multiple layers of metallic surfaces, combined with air spaces 
of low resistance, provides a definite insulating effect. Factors^ for air 
spaces bounded by aluminum foil are given in Table 2 . 

Coefficients of transmission of various types of wall, ceiling, floor and 
roof construction with aluminum insulation can be readily calculated. 
The present installation practice indicates that air spaces of in. to 
13^ in. are preferred but manufacturers’ recommendations should be 
closely followed in the application of aluminum foil insulation. 

The majority of the conductivities and conductances of the building 
materials and insulations given in Table 2 were determined by the hot- 
plate method of testing^. Attention is called to the fact that conductivi- 
ties per inch of thickness of materials or insulations do not afford a true 
basis for comparison, although they are frequently used for that purpose. 


^Insulating Value of Bright Metallic Surfaces, by F. B. Rowley (A.S.H.V.E. Journal Section, Heating, 
Piping and Air Conditioning, June, 1934, p. 263). 

sStandard Test Code for Heat Transmission through Walls (A.S.H.V.E. Transactions, Vol. 34, 192S). 
See also Chapter 40. 
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Correct comparisons should take into consideration many different 
factors, including conductivities or conductances, thicknesses installed 
and manner of installation, while the selection of an insulation should also 
give consideration to structural qualities, as well as to material and 
application costs. Fire, vermin, and rot resistance are other important 
factors to be considered when comparing materials.^ At present there is 
no universally recognized method of rating insulations. Conductivities 
and conductances of building materials and insulations are useful to the 
heating engineer in determining over-all coefficients of heat transmission 
of walls, floors, roofs and ceilings. 

Computed Transmission Coefficients 

Computed heat transmission coefficients of many common types of 
building construction are given in Tables 3 to 13, inclusive, each con- 
struction being identified by a serial number. For example, the coefficient 
of transmission (LO of an 8-in. brick wall and in. of plaster is 0.46, and 
the number assigned to a wall of this construction is I-jB, Table 3. 

Example 1. Calculate the coefficient of transmission (£/) of an 8-in. brick wall with 
U in of plaster applied directly to the interior surface, based on an outside wind exposure 
of 15 mph. It is assumed that the outside course is of face brick having a conductivity 
of 9.20, and that the inside course is of common brick having a conductivity of 5.0, the 
thicknesses each being 4 in. The conductivity of the plaster is assumed to be 3.3, and the 
inside and outside surface coefficients are assumed to average 1.65 and 6.00, respectively, 
for still air and a 15 mph wind velocity. 

Solution, k (face brick) = 9.20; jc = 4.0 in.; k (common brick) « 5.0; * 4.0 in,; 

k (plaster) — 3.3; sc = ~ 1.65 ;/o 6.0. Therefore, 


JL I 1 

6.0 9.20 5.0 3.3 1.65 

1 

“ 0.167 + 0.435 + 0.80 + 0.152 -f 0.606 

* 0.46 Btu per hour per square foot per degree Fahrenheit difference in tempera- 
ture between the air on the two sides. 

The coefficients in the tables were determined by calculations similar 
to those shown in Example 1, using Fundamental Formulae 2, 3, 4 and 5 
and the values of k (or Ca),/u/o and a indicated in Table 2 by asterisks. 
In computing heat transmission coefficients of floors laid directly on th^ 
ground (Table 10), only one surface coefficient (/i) is used. For example, 
the value of U for a 1-in. yellow pine floor (actual thickness, 25/32 in.) 
placed directly on 6-in. concrete on the ground, is determined as follows: 

U = 0.48 Btu per hour per square foot per degree difference 

1 0.781 6.0 

1.65 ^ 0.80 12.0 , . . . 

in temperature between the ground and the air immediately above the floor. 

The thicknesses upon which the coefficients in Tables 3 to 13, inclusive, 
are based are as follows : 


Brick veneer 

Plaster and metal lath. 
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Plaster (on wood lath, plasterboard, rigid insulation, board 


form, or corkboard) 3^ in. 

Slate (roofing) in. 

Stucco on wire mesh reinforcing 1 in. 

Tar and gravel or slag-surfaced built-up roofing ^ in. 

1- in. lumber (S 2-S) in. 

1 34-in. lumber (S-2-S) in. 

2- in lumber (S-2-S) in. 

234-in. lumber (S-2-S) 234 in. 

3- in. lumber (S-2-S) 2% in. 

4- in. lumber (S-2-S) in. 

Finish flooring (maple or oak) in. 


Solid brick walls are based on 4-in. face brick and the remainder 
common brick. Stucco is assumed to be 1-in. thick on masonry walls. 
Where metal lath and plaster are specified, the metal lath is neglected. 

Rigid insulation refers to the so-called board form which may be used 
structurally, such as for sheathing. Flexible insulation refers to the 
blankets, quilts or semi-rigid types of insulation. 

Actual thicknesses of lumber are used in the computations rather than 
nominal thicknesses. The computations for wood shingle roofs applied 
over wood stripping are based on 1 by 4 in. wood strips, spaced 2 in. apart. 
Since no reliable figures are available concerning the conductivity of 
Spanish and French clay roofing tile, of which there are many varieties, 
the figures for such types of roofs were taken the same as for slate roofs, as 
it is probable that the values of U for these two types of roofs will 
compare favorably. 

The coefficients of transmission of the pitched roofs in Table 12 apply 
where the roof is over a heated attic or top floor so the heat passes directly 
through the roof structure including whatever finish is applied to the 
underside of the roof rafters. 


Combined Coefficients of Transmission 


If the attic is unheated, the roof structure and ceiling of the top floor 
must both be taken into consideration, and the combined coefficient of 
transmission determined. The formula for calculating the combined 
coefficient of transmission of a top-floor ceiling, unheated attic space, and 
pitched roof, per square foot of roof area, is as follows : 


where 


Ur X Uce 
fl X Ur -f- 

Ur = coefficient of transmission of the roof. 

J7ce = coefficient of transmission of the ceiling. 
n — the ratio of the area of the roof to the area of the ceiling. 


( 6 ) 


In using this formula, a correction factor must be applied. As the 
amount of heat transferred through an air space is proportional to the 
difference of the fourth powers of the absolute temperatures of the surfaces 
enclosing the air space, a greater amount of heat is absorbed or emitted 
by radiation by the surfaces enclosing an unheated attic than by the 
surfaces of a wall or ceiling in a room under still-air conditions, where the 
surrounding objects are only slightly higher in temperature than the 
interior surfaces of the walls and ceiling. For example, the average 
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coefficient of a surface in still air is 1.65 Btu per hour per square foot per 
degree Fahrenheit, whereas the average coefficient of an air space in an 
outside wall is about 1.10 Btu per hour per square foot per degree Fahren- 
heit difference between the two surfaces, at a mean temperature of 40 F. 
An air space coefficient of 1.10 is equivalent to a surface coefficient 
of 2.20 for each of the two surfaces enclosing the air space, where the 
over-all transmission is computed by using the coefficients of the two 
surfaces enclosing the air space instead of the coefficient of the air space 
itself. Hence, in determining the values of Ur and Uct to be used in the 
formula, the coefficients for the surfaces of the roof and ceiling enclosing 
the attic should be increased to allow for the additional amount of heat 
transferred by radiation, and a coefficient of 2.20 may be used with 
sufficient accuracy for each of these surfaces, although in very precise 
work a correction should be made to allow for the fact that the area of a 
pitched roof over an unheated attic is greater than the area of the ceiling, 
and hence, the amount of heat absorbed by radiation by each square foot 
of roof surface is less than is given off by radiation by each square foot of 
ceiling surface. 

If the unheated attic space between the roof and ceiling has no dormers, 
windows or vertical wall surfaces, the combined coefficients may be used 
for determining the heat loss through the roof construction between the 
attic and top-floor ceiling, but it should be noted that these coefficients 
should be multiplied by the roof area and not by the ceiling area. If the 
unheated attic contains windows, ventilators or vertical wall surfaces, 
which would tend to reduce temperature in the attic to a temperature 
approaching or equaling the outside temperature, the roof should be 
neglected and only the top-floor ceiling construction and the correspond- 
ing ceiling area taken into consideration, using the coefficients given in 
Tables 8 or 9. Where there are no dormers, doors, or windows, and when 
the transmission coefficients of the roof and the ceiling are approximately 
the same, the value of the attic temperature may be taken as an average 
between the inside and the outside temperature. 

Basements and Unheated Rooms 

The heat loss through floors into basements and into unheated rooms 
kept closed may be computed by assuming a temperature for these rooms 
of 32 F. 

Additional information on the inside and outside temperatures to be 
used in heat loss calculations is given in Chapter 7. 
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House Insulation, Its Economies and Application, by Russell E. Backstrom (Report of the National 
Committee on Wood Utilization, United States Government Printing Office, 1931). 

Heat Insulation as Applied to Buildings and Structures, by E. A. Allcut, University of Toronto, 1934. 


PROBLEMS IN PRACTICE 

1 # What is the conductance of a 1-in. air space, faced with common building 
materials, at a mean temperature of 50 F? 

1.152 (Table 1). 

2 • What is the conductivity of face brick? 

9.20 (Table 2). 

3 • What is the conductance of wood shingles? 

1.28 (Table 2). 

4 # What is the over-all coefficient of transmission U for a solid brick wall 
12-in. thick with plaster on wood lath, furred? 

0.24 (Table 3, Wall 2C). 

5 • Find the value of U for a 6-in. concrete wall with plaster on metal lath 
attached to 2-in. furring strips with flanged J^-in. blanket insulation. 

0.23 (Table 3, Wall 12L). 

6 • Find the value of U for a wood siding wall with an interior finish of J^-in. 
plaster on metal lath; sheathing thickness, in. 

0.26 (Table 5, Wall 41B). 

7 • What value of TJ should be used for a brick veneer wall with J^-in. rigid 
insulation sheathing finished on the interior with plaster on J^-in. rigid insu- 
lation? 

0.19 (Table 5, Wall 51D). 

8 • What value of V should be used in computing the heat loss from an attic 
through a floor of yellow pine on joists with a ceiling of metal lath and plaster? 

0.30 (Table 8, Floor 2B). 

9 • What is the over-all heat transfer coefficient for a 6-in. concrete floor with 
no insulation and with yellow pine flooring on sleepers resting on concrete? 

0.33 (Table 10, Floor 2B). 

10 • What is the coefficient U for a flat roof of 4-in. concrete with a metal lath 
and plaster ceiling insulated with l-in. cork board? 

0.17 (Table 11. Roof 3N). 
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11 • A solid 12-m. common brick wall is finished on the inside with J^-in. 
insulation plaster base, and J^-in. plaster; the plaster base is furred 1 in. from 
the brick; k for insulating material = 0.34. Calculate the over-all coefi&cient 
U. 

fi = 1.65 ;/o = 6.00; k for brick = 5.00; a for l-in. air space = 1.1 
Over-all heat resistance = R — ^ H — ^ = 5.703 

r; = -4- = 0.175 

K 

12 # A wall is built with two layers of J^-in. insulating material spaced 1 in. 
apart; the air space is lined on one side with bright aluminum foil; mean 
temperature is 40 F; still air on both sides of wall; k for insulating material 
is 0.34. Calculate the value of U» 

fi = 1.65; /o = 1.65; a - 0.46 

p _ 1 . 0-5 , 1 , 0.5 , ^ . 097 

^ 1.65 0.34 0.46 0.34 1.65 

t; = 4- = 0.158 

K 

13 • What is the inside surface temperature of a 6-in. solid concrete wall? 
Inside air, 70 F; outside air, — 20 F with 15 mph wind. 

The temperature drop from point to point through a wall is directly proportional to the 
heat resistance. 

fi — 1.65; k for concrete = 12; /o = 6.0 
1 6 1 

Over-all resistance R — "FT; =1*27 

l.DO D.U 


Temperature drop, inside air to surface _ 1.65 
Temperature drop, air to air 1.27 

Temperature drop, inside air to surface = 1 65 


43 


70 — 43 = 27 F, inside surface temperature of wall. 


14 • How many inches of insulating material having a conductivity of 0.30 
would be required, for the wall of Question 3, to raise the inside surface tem- 
perature to ^ F? 

Temperature drop, air to inside surface = 10 F; temperature drop, inside surface to out- 
side air == 80 F. Therefore, the heat resistance from inside wall surface to outside air 

must be eight times that from inside air to inside wall surface, or 8 X ^ = 4.85. The 

resistance for added material is, therefore, 

- (- 1 + -5-) - 

4.19 X 0.30 = 1.25 in. of insulation. 
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AIR UBAKAGE 


Nature of Air Infiltration^ Air Leakage Through Walls, Window 
Leakage, Wind Velocity to be Selected, Crack used for Computa- 
tions, Multi-Story Buildings, Heat J^uivalent of Air Entering 
by Infiltration 


A ir leakage losses are those resulting from the displacement of heated 
air in a building by unheated outside air, the interchange taking 
place through various apertures in the building, such as cracks around 
doors and windows, fireplaces and chimneys. This leakage of air must be 
considered in heating and cooling calculations. (See Chapters 7 and 8.) 

THE NATURE OF AIR FILTRATION 

The natural movement of air through building construction is due to 
two causes. One is the pressure exerted by the wind; the other is the 
difference in density of outside and inside air because of differences in 
temperature. 

The wind causes a pressure to be exerted on one or two sides of a 
building. As a result, air comes into the building on the windward side 
through cracks or porous construction, and a similar quantity of air 
leaves on the leeward side through like openings. In general the resis- 
tance to air movement is similar on the windward to that on the leeward 
side. This causes a building up of pressure within the building and a 
lesser air leakage than that experienced in single wall tests as determined 
in the laboratory. It is assumed that actual building leakages owing to 
this building up of pressure will be 80 per cent of laboratory test values. 
While there are cases where this is not true, tests in actual buildings 
substantiate the factor for the general case. Tests on mechanically 
ventilated classrooms of average construction have shown that air 
infiltration acts quite independently of the planned air supply. Accor- 
dingly, the heating or cooling load owing to air infiltration from natural 
causes should be considered in addition to the ventilating load. 

The air exchange owing to temperature difference, inside to outside, is 
not appreciable in low buildings. In tall, single story buildings with 
openings near the ground level and near the ceiling, this loss must be 
considered. Also in multi-storied buildings it is a large item unless the 
sealing between various floors and rooms is quite perfect. This tempera- 
ture effect is a chimney action, causing air to enter through openings at 
lower levels and to leave at higher levels. 
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A complete study of all of the factors involved in air movement through 
building constructions would be very complex. Some of the complicating 
factors are: the variations in wind velocity and direction; the exposure of 
the building with respect to air leakage openings and with respect to 
adjoining buildings; the variations in outside temperatures as influencing 
the chimney effect; the relative area and resistance of openings on the 
windward and leeward sides and on the lower floors and on the upper 
floors; the influence of a planned air supply and the related outlet vents; 
and the variation from the average of individual building units. A study 
of infiltration points to the need for care in the obtaining of good building 
construction, or unnecessarily large heat losses will result. 

AIR LEAKAGE THROUGH WALLS 

Table gives data on infiltration through brick and frame walls. The 
brick walls listed in this table are walls which show poor workmanship 
and which are constructed of porous brick and lime mortar. For good 
workmanship, the leakage through hard brick walls with cement-lime 
mortar does not exceed one- third the values given. These tests indicate 
that plastering reduces the leakage by about 96 per cent; a heavy coat of 
cold water paint, 50 per cent; and 3 coats of oil paint carefully applied, 
28 per cent. The infiltration through walls ranges from 6 to 25 per cent 
of that through windows and doors in a 10-story office building, with 
imperfect sealing of plaster at the baseboards of the rooms. With perfect 
sealing the range is from 0.5 to 2.7 per cent or a practically negligible 
quantity, which indicates the importance of good workmanship in proper 
sealing at the baseboard. It will be noted from Table 1, that the in- 
filtration through properly plastered walls can be neglected. 


Table 1. Infiltration through Walls 

Expressed in cubic feet per square foot per hour^ 


Type op Wall 

Wind Velocity, Miles per Hons 

5 

10 

15 

20 

25 

30 

8J^m. Brick 

1.75 

0.017 

4.20 

0.037 

7.85 

0.066 

12.2 

0.107 

18.6 

0.161 

22.9 

0.236 

13 in. Brick Wall {SeTed:;; 

1.44 

0.005 

3.92 

0.013 

7.48 

0.025 

11.6 

0.043 

16.3 

0.067 

21.2 

0.097 

Frame Wall, with lath and plaster^* 

0.03 

1 

0.07 

0.13 

0.18 

0.23 

0.26 


aThe values in this table are 20 per cent less than test values to allow for building up of pressure in rooms 
and are based on test data reported in A.S.H.V.E. research papers entitled Air Infiltration Through Various 
Types of Brick Wall Construction, and Air Infiltration Through Various Types of Wood Frame Con- 
struction. (See References on pages 128 and 129). 

bWall construction: Bevel siding painted or cedar shingles, sheathing, building paper, wood lath and 
3 coats gypsum plaster. 


lAir Infiltration through Various Types of Brick Wall Construction, by Larson, Nelson and Braatz 
A.S.H.V.E. Transactions, VoL 36, 1930). 
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Fig. 1. Infiltration throjjgh Various Types of Shingle Construction 


The value of building paper when applied between sheathing and 
shingles is indicated by Fig. 1, which represents the effect on outside 
construction only, without lath and plaster. The effectiveness of plaster 
properly applied is no justification for the use of low grade building paper 
or of the poor construction of the wall containing it. Not only is it 
difficult to secure and maintain the full effectiveness of the plaster but 
also it is highly desirable to have two points of high resistance to air flow 
with an air space between them. 



O eo 40 60 oo MO /£0 UfO mo £0O e£0 

iMFtLTftATtOH m C.flN. f>£f9 SQ, Ft. or WALL 


Fig. 2. Infiltration through Single Surface Walls Used in Farm and 
Other Shelter Buildings 
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The amount of infiltration that may be expected through simple walls 
used in farm and other shelter buildings, is shown in Fig. 2. The infil- 
tration there indicated is that determined in the laboratory and should be 
multiplied by the factor 0.80 to give proper working values. 

WINDOW LEAKAGE 

The amount of infiltration for various types of windows is given in 
Table 2. The fit of double-hung wood windows is determined by crack 
and clearance as illustrated in Fig. 3. The length of the perimeter opening 
or crack for a double-hung window is equal to three times the width plus 
two times the height, or in other words, it is the outer sash perimeter 
length plus the meeting rail length. Values of leakage shown in Table 2 
for the average double-hung wood window were determined by setting 
the average measured crack and clearance found in a field survey of a 
large number of windows on nine windows tested in the laboratory. In 
addition, the table gives figures for a poorly fitted window. All of the 
figures for double-hung wood windows are for the unlocked condition. 
Just how a window is closed, or fits when it is closed, has considerable 
influence on the leakage. The leakage will be high if the sash are short, 
if the meeting rail members are warped, or if .the frame and sash are not 
fitted squarely to each other. It is possible to have a window with 
approximately the average crack and clearance that will have a leakage 
at least double that of the figures shown. Values for the average double- 
hung wood window in Table 2 are considered to be easily obtainable 
figures provided the workmanship on the window is good. Should it be 
known that the windows under consideration are poorly fitted, the larger 
leakage values should be used. Locking a window generally decreases its 
leakage, but in some cases may push the meeting rail members apart and 
increase the leakage. On windows with large clearances, locking will 
usually reduce the leakage. 

Wood casement windows may be assumed to have the same unit 
leakage as for the average double-hung wood window when properly 
fitted. Locking, a normal operation in the closing of this type of window, 
maintains the crack at a low value. 

For metal pivoted sash, the length of crack is the total perimeter of the 
movable or ventilating sections. Frame leakage on steel windows may be 
neglected when they are properly grouted with cement mortar into brick 
work or concrete. When they are not properly sealed, the linear feet of 
sash section in contact with steel work at mullions should be figured at 
25 per cent of the values for industrial pivoted windows as given in 
Table 2. 

Leakage values for storm sash are given in Figs. 4 and 5. When storm 
sash are applied to well fitted windows, very little reduction in infiltration 
is secured, but the application of the sash does give an air space which 
reduces the heat transmission and helps prevent the frosting of the 
windows. When storm sash are applied to poorly fitted windows, a 
reduction in leakage of 50 per cent may be secured. 

Doors vary greatly in fit because of their large size and tendency to 
warp. For a well fitted door, the leakage values for a poorly fitted double- 
hung wood window may be used. If poorly fitted, twice this figure should 
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Table 2. Infiltration Through Windows 


Expressed in Cubic Feet per Foot of Crack per Hour^ 


Type of Windo-w- 

I Remarks 

Wind Velocity, Miles per Hour 



5 1 

10 

15 

20 

25 

50 


Around frame in masonry vrall — 

1 

i 







not calked^* 

3.3 1 

8.2 

14.0 

20.2 

27.2 

34.6 


Around frame in masonry wall — 




I 




calked^* 

0.5 

1.5 

2.6 

3.8 

4.8 

5.8 


Around frame in wood frame 








construction^* 

2.2 

6.2 

10.8 

16.6 

23.0 

30.3 

Double-Hung 

Total for average window, non- 







Wood Sash 

weatherstripped, Ke-in. crack 







Windows 

and % 4 -in. clearance^. In- 







(Unlocked) 

eludes wood frame leakage<i 

6.6 

21.4 

39.3 

1 59.3 

80.0 

103.7 


Ditto, weatherstripped^^ 

4.3 

15.5 

23.6 

35.5 

48.6 

63.4 


Total for poorly fitted window. 








non- weatherstripped, 








crack and % 2 -iri. clearance^. 








Includes wood frame leakage‘s. 

26.9 

69.0 

110.5 

153.9 

199.2 

249.4 


Ditto, weatherstripped^^ 

5.9 

18.9 

34.1 

51.4 

70.5 

91.5 

Double-Hung 

Non-weatherstripped, locked 

20 

45 

70 

96 

125 

154 

Metal 

1 Non- weatherstripped, unlocked.. 

20 

47 

74 

104 

137 

170 

W’indows^ 

Weatherstripped, unlocked. 

6 

19 

32 

46 

60 

76 


Industrial pi voted, s Jdie-in. crack 

52 

108 

176 

244 

304 

372 

Rolled 

Architectural projected,^ K 4 “in. 







Section 

crack. 

20 

52 

88 

116 

152 

208 

Steel Sash 

Residential casement,^ 







W^indows^ 

crack. 

14 

32 

52 

76 

100 

128 


Heavy casement section, pro- 








jected,! 3 ^ 2 -in. crack. i 

8 

24 

38 

54 

72 

96 

Hollow Metal, vertically pivoted window^. _ 

30 

88 

145 

186 

221 

242 


aThe values given in this table are 20 per cent less than test values to allow for building up of pressure in 
rooms, and are based on test data reported in the papers listed at the end of this chapter. 

l>The values given for frame leakage are per foot of sash perimeter as determined for double-hung wood 
windows. Some of the frame leakage in masonry walls originates in the brick wall itself and cannot be 
prevented by calking. For the additional reason that calking is not done perfectly and deteriorates with 
time, it is considered advisable to choose the masonry frame leakage values for calked frames as the average 
determined by the calked and not-calked tests. 

cThe fit of the average double-hung wood -window -was determined as )^-in. crack and %rin. clearance by 
measurements on approximately 600 windows under heating season conditions. 

dThe values given are the totals for the -window opening per foot of sash perimeter and include frame 
leakage and so-called elsewhere leakage. The frame leakage ^ues included are for wood frame construction 
but apply as well to masonry construction assuming a 50 per cent eflidency of frame calking. 

«A J^in. crack and clearance represents a i>oorIy fitted -window, much poorer than average. 
fWindo-ws tested in place in building. 

slndustrial pivoted window generally used in industrial buildings. Ventilators horizontally pivoted 
at center or slightly above, lower part swinging out. 

^Architectural projected made of same sections as industrial pivoted except that outside framing member 
is heavier, and refinements in weathering and hard-ware. Used in semi-monumental buildings such as schools. 
Ventilators awing in or out and are balanced on side arms. 

^ same design and section shapes as so-called heavy sectum casemerU but of lighter weight. 
iMade of hea-vy sections. Ventilators swing in or out and stay set at any degree of opening. 
kWith reasonable care in installation, leakage at contacts where -windowrs are attached to steel frame- 
-worfc and at mulKons is negligible. With ?6-in. crack, representing poor installation, leakage at contact 
-with steel framework is about one-third, and at mullions about one-sixth of that given for industrial pivoted 
windows in the table. 
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be used. If weathers tripped, the values may be reduced one-half. A 
single door which is frequently opened, such as might be found in a store, 
should have a value applied which is three times that for a well fitted 
door. This extra allowance is for opening and closing losses and is kept 
from being greater by the fact that doors are not used as much in the 
coldest and windiest weather. 

CHOOSING WIND VELOCITY 

Although all authorities do not agree upon the value of the wind veloc- 
ity that should be chosen for any given locality, it is common engineering 
practice to use the average wind velocity during the three coldest months 
of the year. Until this point is definitely established the practice of 
using average values will be followed. Average wind velocities for the 
months of December, January and February for various cities in the 
United States and Canada are given in Table 2, Chapter 7. 



Fig. 3. Diagram Illustrating Crack and Clearance 


In considering both the transmission and infiltration losses, the more 
exact procedure would be to select the outside temperature and the wind 
velocity corresponding thereto, based on Weather Bureau records, which 
would result in the maximum heat demand. Since the proportion of 
transmission and infiltration losses varies with the construction and is 
different for every building, the proper combination of temperature and 
wind velocity to be selected would be different for every type of building, 
even in the same locality. Furthermore, such a procedure would neces- 
sitate a laborious cut-and-try process in every case in order to determine 
the worst combination of conditions for the building under consideration. 
It would also be necessary to consider heat lag due to heat capacity in the 
case of heavy masonry walls, and other factors, to arrive at the most 
accurate solution of the problem. Although heat capacity should be con- 
sidered wherever possible, it is seldom possible to accurately determine the 
worst combination of outside temperature and wind velocity for a given 
building and locality. The usual procedure, as already explained, is to 
select an outside temperature based on the lowest on record and the 
average wind velocity during the months of December, January and 
February. 

The direction of prevailing winds may usually be included within an 
angle of about 90 deg. The windows that are to be figured for prevailing 
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Fig. 4. Infiltration through Sash Perimeter of Window with and without 
Storm Sash — J^4-in. Crack and H2-1N. Clearance 


and non-prevailing winds will ordinarily each occupy about one-half the 
perimeter of the structure, the proportion varying to a considerable extent 
with the plan of the structure. (See discussion of wind movement in 
Chapter 4.) 



Fig. 5. Infiltration through Sash Perimeter of Window with and without 
Storm Sash — H - m , Crack and J^-in. Clearance 
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CRACK USED FOR COMPUTATIONS 

In no case should the amount of crack used for computation be less 
than half of the total crack in the outside walls of the room. Thus, in a 
room with one exposed wall, take all the crack; with two exposed walls, 
take the wall having the most crack ; and with three or four exposed walls, 
take the wall having the most crack ; but in no case take less than half the 
total crack. For a building having no partitions, whatever wind enters 
through the cracks on the windward side must leave through the cracks 
on the leeward side. Therefore, take one-half the total crack for com- 
puting each side and end of the building. 

The amount of air leakage is sometimes roughly estimated by assuming 
a certain number of air changes per hour for each room, the number of 
changes assumed being dependent upon the type, use and location of the 
room, as indicated in Table 3. This method may be used to advantage as 
a check on the calculations made in the more exact manner. 


Table 3. Air Changes Taking Place under Average Conditions Exclusive 
OF Air Provided for Ventilation 


Kind of Room ob BtnLDiNO 

Numbes op Ant Chanqbs 
Taking Place 

PER Hour 

Rooms, 1 side exposed 

1 

"Rnnmfij 2 

2 

RnnmSj 3 sides evpnspd 

"RnmnSj 4- sidf'S f»xpnsf»d 

2 

Ranms with nn windnws nr nntsidf* dnnrs 

J^to 

2 to 3 

Halls , . , . 

Rpppptinn Halls _ 

2 

TJving Rooms _ . 

1 to 2 

Dining Rooms 

1 to 2 

Rath Rooms __ 

2 

Dmg Rtorf^s 

2 to 3 

Clothing^ Stores 

1 

Chnrrhes, Fartories, T.ofts, etr. 

Hto3 



MULTI-STORY BUILDINGS 

In tall buildings, infiltration may be considerably influenced by tem- 
perature difference or chimney effect which will operate to produce a 
head that will add to the effect of the wind at lower levels and subtract 
from it at higher levels.^ On the other hand, the wind velocity at lower 
levels may be somewhat abated by surrounding obstructions. Further- 
more, the chimney effect is reduced in multi-story buildings by the partial 
isolation of floors preventing free upward movement, so that wind and 
temperature difference may seldom cooperate to the fullest extent. 
Making the rough assumption that the neutral zone is located at mid- 


sinfluence of Stack Effect on the Heat Loss in Tall Buildings, by Axel Marin (A.S.H.V.E. Journal 
Section, Heating, Pi-ping and Air Conditioning, August, 1934, p. 349). 
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height of a building, and that the temperature difference is 70 F, the 
following formulae may be used to determine an equivalent wind velocity 
to be used in connection with Tables 1 and 2 that will allow for both wind 
velocity and temperature difference: 

~ 1.75 a (1) 

ife = -s/W + 1.75 h (2) 

where 

Me = equivalent wind velocity to be used in conjunction with Tables 1 and 2. 

M = wind velocity upon which infiltration would be determined if tem- 
perature difference were disregarded. 

a = distance of windows under consideration from mid-height of building 
if above mid-height. 
b = distance if below mid-height. 

The coefficient 1.75 allows for about one-half the temperature difference head. 

For buildings of unusual height, Equation 1 would indicate negative 
infiltration at the highest stories, which condition may, at times, actually 
exist, although probably no greater wind velocities should be figured at 
such extremely high levels^ 

Sealing of Vertical Openings^ 

In tall, multi-story buildings, every effort should be made to seal off 
vertical openings such as stair-wells and elevator shafts from the re- 
mainder of the building. Stair-wells should be equipped with self-closing 
doors, and in exceptionally high buildings, should be closed off into 
sections of not over 10 floors each. Plaster cracks should be filled. 
Elevator enclosures should be tight and solid doors should be used. 

If the sealing of the vertical openings is made effective, no allowance 
need be made for the chimney effect. Instead, the greater wind move- 
ment at the high altitudes makes it advisable to install additional heating 
surface on the upper floors above the level of neighboring buildings, this 
additional surface being increased as the height is increased. One 
arbitrary rule is to increase the heating surface on floors above neighboring 
buildings by an amount ranging from 5 per cent to 20 per cent. This extra 
heating surface is required only on the windward side and on windy days, 
and hence automatic temperature control is especially desirable with such 
installations. 

Heating Surface for Stair-Wells^ 

In stair-wells that are open through many floor levels although closed 
off from the remainder of each floor by doors and partitions, the strati- 
fication of air makes it advisable to increase the amount of heating surface 
at the lower levels and to decrease the amount at higher levels even to the 
point of omitting all heating surface on the top several floor levels. One 
rule is to calculate the heating surface of the entire stair-well in the usual 


®Wind Velocities Near a Building and Their Effect on Heat Loss, by F. C. Houghten, J. L. Blackshaw, 
and Carl Gutberlet (A.S.H.V.E. Journal Section, Heating^ Piping and Air Conditioningr September, 1934). 
^See Flue Action in Tall Buildings, by H. L. Alt {Healing, Piping and Air Conditioning, May, 1932). 
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way and to place 50 per cent of this in the bottom third, the normal 
amount in the middle third and the balance in the top third. 

HEAT EQUIVALENT OF AIR ENTERING BY INFILTRATION 

The heat required to warm cold, outside air, which enters a room by 
infiltration, to the temperature of the room is given by the following 
equation : 

Hi = 0.24 Qd{t - to) (3) 

where 


Hi = Btu per hour required for heating air leaking into building from 
outside temperature to to inside temperature t. 

Q = cubic feet of air entering per hour at inside temperature /. 
d = density (pounds per cubic foot) of air at inside temperature t. 
t == inside temperature at the proper level. 

to — outside air temperature for which heating system is designed. 

0.24 = specific heat of air. 


It is sufficiently accurate to take d = 0.075 Ib, in which case the equa- 
tion reduces to 

Hi = 0.018 Q{t- to) (4) 

While a heating reserve must be provided to warm inleaking air on 
the windward side of a building, this does not necessarily mean that the 
heating plant must be provided with a reserve capacity, since the inleaking 
air, warmed at once by adequate heating surface in exposed rooms, will 
move transversely and upwardly through the building, thus relieving 
other radiators of a part of their load. The actual loss of heat of a building 
caused by infiltration is not to be confused with the necessity for pro- 
viding additional heating capacity for a given space. Infiltration is a 
disturbing factor in the heating of a building, and its maximum effect 
(maximum in the sense of an average of wind velocity peaks during the 
heating season above some reasonably chosen minimum) must be met 
by a properly distributed reserve of heating capacity, which reserve, how- 
ever, is not in use at all places at the same time, nor in any one place at 
all times. 
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PROBLEMS IX PRACTICE 

1 • What are the causes of infiltration (or exfiltration) and how do they act 
on a building? 

The wind and temperature differences create differences between internal and e.xternal 
pressures which cause air to flow through any openings in the walls. 

2 # Why is it essential to consider this in heating calculations? 

The inflowing air displaces inside heated air and must be heated up to the internal 
temperature. 

3 • W here is it necessary to consider infiltration created by temperature 
difference? 

In tall, single-story buildings and in multi-story buildings where the floors are not 
adequately isolated. 

4 • Why is the infiltration in a building less than that determined in laboratory 
tests? 

In laboratory tests, the indicated wind velocity is measured by the difference in pressure 
on the two sides of a single wall, window, or object tested. In a building, an internal 
back pressure is built up between its walls to a point where outflow on the lee side is equal 
to inflow on^ the mndward side and this back pressure reduces the actual inflow below 
that determined in the laboratory for a comparable wind. 

5 # Is heat loss by infiltration through walls of importance? 

Only in the case of simple walls or poorly constructed compound walls. 

6 • What measurements are required to calculate the heat loss through double- 
hung wood windows? 

Sash crack (equal to the sash perimeter plus the meeting rail) and frame crack (equal 
to the frame perimeter). 

7 # What is the basis for selecting the wind velocity and outside temperature 
to be used in making infiltration calculations? 

Weather Bureau records. The wind velocity taken is the average during the three 
coldest months and the temperature used is the lowest on record for the given locality. 

S • How does the temperature difference influence the heat loss in a tall 
building? 

The chimney effect caused by the temperature difference operates to produce a head that 
will add to the effect of the wind at lower levels and subtract from it at higher levels. 

9 • For a wind velocity of 15 mph and a building 180 ft high, calculate the 
effective wind velocity at the ground floor and at a height of 150 ft. 

a. At the ground floor the effective wind velocity would be 

Me = V 152 + 1.75 X 90 = 19.6 mph 
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b. At a floor 150 ft above the ground 

il^e = = 11.0 mph 

10 • A room contains three 2 ft -8 in. by 5 ft -6 in. plain double-hung wood win- 
dows with Jle-in. crack and % 4 -m. clearance. Assume a wind velocity of 
20 mph and a temperature difference of 75 F. Neglecting chimney effect, what 
is the maximum heat loss due to infiltration? 

From Table 2, heat loss per foot of crack per degree temperature difference is 1.067 Btu 
per hour. Length of crack for the three windows is 57 ft. The maximum heat loss, due 
to infiltration, is equal to 1.067 X 57 X 75 or 4561 Btu per hour. 

11 • Find the infiltration through a wall with 16-in. shingles on 1 in. by 4 in. 
boards wdth 20 mph wind velocity. Give the pressure drop through the wall. 

Referring to Curve 3C, Fig. 1, the value on the horizontal scale corresponding to 20 mph 
is approximately 102 cfh per square foot of wall. 

The pressure drop through the wall is 0.193 in. of water (see left hand vertical scale). 

12 • What will he the infiltration through air-dried end and side-matched 
sheathing for 15 mph wdnd velocity? 

Referring to Curve IOC, Fig. 2, the value on the horizontal scale corresponding to 
15 mph is 50 cfh per square foot of wall. 

13 • From Table 2, find the infiltration (cubic feet per hour per foot of crack) 
for an average double-hung wdndow, not weather stripped, with a 20 mph 
wind velocity. 

59,3 cu ft per foot of crack per hour. 

14 • Using the value found in Question 11, what will be the heat requirement 
in a building with a total crack (all windows and doors) of 180 ft if the wind 
velocity is 15 mph, the outside temperature is 0 F, and the inside temperature 

Using one half of the total crack, the volume of air is: 

90 X 59.3 - 5337 cu ft 

H - 0.018 X 5337 X (70 - 0) = 6724.6 Btu. (See Equation 4.) 
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HEATING LOAD 


Factors Governing Heat Demand, Procedure, Temperatures, 
Wind Movement, Heat Sources Other Than Heating Plant, 
Example, Condensation 


T O design any system of heating, the maximum probable heat demand 
must be accurately estimated in order that the apparatus installed 
shall be capable of maintaining the desired temperature at all times. The 
factors which govern this maximum heat demand — most of which are 
seldom, if ever, in equilibrium — include the following: 

1. Outside temperature. 

2. Rain or snow. 

3. Sunshine or cloudiness. 

4. Wind velocity. 

5. Heat transmission of exposed parts of building. 

6. Infiltration of air through cracks, crevices and 
open doors and windows. 

7. Heat capacity of materials. 

8. Rate of absorption of solar radiation by exposed 
materials. 

9. Inside temperatures. 

10. Stratification of air. 

11. Type of heating system. 

12. Ventilation requirements. 

13. Period and nature of occupancy. 

14. Temperature regulation. 

The inside conditions vary from time to time, the physical properties of 
the building construction may change with age, and the outside conditions 
are changing constantly. Just what the worst combination of all of these 
variable factors is likely to be in any particular case is therefore con- 
jectural. Because of the nature of the problem, extreme precision in 
estimating heat losses at any time, while desirable, is hard of attainment. 

The procedure to be followed in determining the heat loss from any 
building can be divided into seven consecutive steps, as follows: 

1. Determine on the inside air temperature, at the breathing line or the 30-in. line, 
which is to be maintained in the building during the coldest weather. (See Table 1.) 

2. Determine on an outside air temperature for design purposes, based on the minimum 
temperatures recorded in the locality in question, which will provide for all but the 
most severe weather conditions. Such conditions as may exist for only a few consecu- 
tive hours are readily taken care of by the heat capacity of the building .itself. 
(See Table 2.) 


Outside Conditions 
(The Weather) 


Building 

Construction 


Inside 

Conditions 
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3. Select or compute the heat transmission coefficients for outside walls and glass; 
also for inside walls, floors, or top-floor ceilings, if these are next to unheated space; 
include roof if next to heated space. (See Chapter 5.) 

4. Measure up net outside wall, glass and roof next to heated spaces, as well as any 
cold walls, floors or ceilings next to unheated space. Such measurements are made from 
building plans, or from the actual building. 

5 Compute the heat transmission losses for each kind of wall, glass, floor, ceiling 
and roof in the building by multiplying the heat transmission coefficient in each case 
by the area of the surface in square feet and the temperature difference between the 
inside and outside air. (See Items 1 and 2.) 

6. Select unit values and compute the heat equivalent of the infiltration of cold air 
taking place around outside doors and windows. These unit values dej^nd on the kind or 
width of crack and wind velocity, and when multiplied by the len^h of crack and the 
temperature difference between the inside and outside air, the result expres^s the heat 
required to warm up the cold air leaking into the building per hour. (See Chapter 6.) 

7. The sum of the heat losses by transmission (Item 5) through the outside wall and 
glass, as well as through any cold floors, ceilings or roof, plus the heat equivalent (Item 6) 
of the cold air entering by infiltration represents the total heat loss equivalent for any 
building. 

Item 7 represents the heat losses after the building is heated and under 
stable operating conditions in coldest weather. Additional heat is 
required for raising the temperature of the air, the building materials and 
the material contents of the building to the specified standard inside 
temperature. 

The rate at which this additional heat is required depends upon the 
heat capacity of the structure and its material contents and upon the 
time in which these are to be heated. 

This additional heat may be figured and allowed for as conditions re- 


Table 1. Winter Inside Dry-Bulb Temperatures Usually Specified^ 


Type of Building 


Deg Fahr 


Type op Building 


Dbg Fahr 


Schools 

Class rooms 

Assembly rooms 

Gymnasiums 

Toilets and baths 

Wardrobe and locker rooms 

Kitchens 

Dining and lunch rooms 

Playrooms 

Natatoriums™ 


70-72 

68-72 

55-65 

70 

65-68 

Theaters — 

Seating space 

Lounge rooms 

Toilets 

Hotels — 

66 

Bedrooms and baths 

65-70 

Dining rooms 

60-65 

Kitchens and laundries 

75 

Ballrooms 


Toilets and service rooms. 


6^72 

68-72 

68 


70 

70 

66 

65-68 

68 


Hospitals — 

Private rooms 

Private rooms (surgical) 

Operating rooms - 

Wards 

Kitchens and laundries 

Toilets 

Bathrooms 


70-72 

70-80 

70-95 

68 

66 

68 

70-80 


Homes - 

Stores 

Public buildings.^ 

Warm air baths 

Steam baths 

Factories and machine shops 

Foundries and boiler shops 

Paint shops 


70-72 

65-68 

68-72 

120 

110 

60-65 

50-60 

80 


aThe most comfortable dry-bulb temperature to be maintained depends on the relative humidity and 
air motion. These three factors considered together constitute what ts termed the effecitve temperature. 
See Chapter 2. 
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quire, but inasmuch as the heating system proportioned for taking care 
of the heat losses will usually have a capacity about 100 per cent greater 
than that required for average winter weather, and inasmuch as most 
buildings may either be continuously heated or have more time allowed 
for heating-up during the few minimum temperature days, no allowance 
is made except in the size of boilers or furnaces. 

INSIDE TEMPERATURES 

The inside air temperature which must be maintained within a building 
and which should always be stated in the heating specifications is under- 
stood to be the dry-bulb temperature at the breathing line, 5 ft above the 
floor, or the 30-in. line, and not less than 3 ft from the outside walls. 
Inside air temperatures, usually specified, vary in accordance with the use 
to which the building is to be put and Table 1 presents values which con- 
form with good practice. 

The proper dry-bulb temperature to be maintained depends upon the 
relative humidity and air motion, as explained in Chapter 2. In other 
words, a person may feel warm or cool at the same dry-bulb temperature, 
depending on the relative humidity and air motion. The optimum winter 
effective temperature for sedentary persons, as determined at the A.S.H. 
V.E. Research Laboratory, is 66 deg.^ 

According to Fig. 2, Chapter 2, for so-called still air conditions, a 
relative humidity of approximately 50 per cent is required to produce an 
effective temperature of 66 deg when the dry-bulb temperature is 70 F. 
However, even where provision is made for artificial humidification, the 
relative humidity is seldom maintained higher than 40 per cent during the 
extremely cold weather, and where no provision is made for humidifica- 
tion, the relative humidity may be 20 per cent or less. Consequently, in 
using the figures ^ven in Table 1, consideration should be given to 
whether provision is to be made for humidification, and if so, the actual 
relative humidity to be maintained. 

Temperature at Proper Level: In making the actual heat-loss compu- 
tations, however, for the various rooms in a building it is often necessary 
to modify the temperatures given in Table 1 so that the air temperature 
at the proper level will be used. By air temperature at the proper level is 
meant, in the case of walls, the air temperature at the mean height be- 
tween floor and ceiling; in the case of glass, the air temperature at the 
mean height of the glass; in the case of roof or ceiling, the air temperature 
at the mean height of the roof or ceiling above the floor of the heated 
room; and in the case of floors, the air temperature at the floor level. In 
the case of heated spaces adjacent to unheated spaces, it will usually be 
sufficient to assume the temperature in such spaces as the mean between 
the temperature of the inside heated spaces and the outside air tempera- 
ture, excepting where the combined heat transmission coefficient of the 
roof and ceiling can be used, in which case the usual inside and outside 
temperatures should be applied. (See discussion regarding the use of 
combined coefficients of pitched roofs, unheated attics and top-floor 
ceilings Chapter 5.) 


^See Chapter 2, p. 43. 
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High Ceilings: Research data concerning stratification of air in builds 
ings are lacking, but in general it may be said that where the increase in 
temperature is due to the natural tendency of the warmer or less dense 
air to rise, as where a direct radiation system is installed, the temperature 
of the air at the ceiling increases with the ceiling height. The relation, 
however, is not a straight-line function, as the amount of increase per foot 
of height apparently decreases as the height of the ceiling increases, ac- 
cording to present available information. 

Where ceiling heights are under 20 ft, it is common engineering practice 
to consider that the Fahrenheit temperature increases 2 per cent for each 
foot of height above the breathing line. This rule, sufficiently accurate 
for most cases, will give the probable air temperature at any given level 
for a room heated by direct radiation. Thus, the probable temperature 
in a room at a point three feet above the breathing line, if the breathing 
line temperature is 70 F, will be 

(1.00 -{- 3 X .02) 70 = 74.2 F. 

With certain types of heating and ventilating systems, which tend to 
oppose the natural tendency of warm air to rise, the temperature differ- 
ential between floor and ceiling can be greatly reduced. These include 
unit heaters, fan-furnace heaters, and the various types of mechanical 
ventilating systems. The amount of reduction is problematical in certain 
instances, as it depends upon many factors such as location of heaters, 
air temperature, and direction and velocity of air discharge. In some 
cases it has been possible to reduce the temperature between the floor 
and ceiling by a few degrees, whereas, in other cases, the temperature at 
the ceiling has actually been increased because of improper design, instal- 
lation or operation of equipment. So much depends upon the factors 
enumerated that it is not advisable to allow less than 1 per cent per foot 
(and usually more) above the breathing line in arriving at the air tem- 
perature at any given level for any of these types of heating and ventilating 
systems, unless the manufacturers are willing to guarantee that the par- 
ticular type of equipment under consideration will maintain a smaller 
temperature differential for the specific conditions involved. 

Temperature at Floor Level: In determining mean air temperatures 
just above floors which are next to ground or unheated spaces, a tempera- 
ture 5 deg lower than the breathing-line temperature may be used, pro- 
vided the breathing-line temperature is not less than 55 F. 

OUTSIDE TEMPERATURES 

The outside temperature used in computing the heat loss from a build- 
ing is seldom taken as the lowest temperature ever recorded in a given 
locality- Such temperatures are usually of short duration and are rarely 
repeated in successive years. It is therefore evident that a temperature 
somewhat higher than the lowest on record may be properly assumed in 
making the heat-loss computations. 

The outside temperature to be assumed in the design of any heating 
system is ordinarily not more than 15 deg above .the lowest recorded tem- 
perature as reported by the Weather Bureau during the preceding 10 
years for the locality in which the heating system is to be installed. In 
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the case of massive and well insulated buildings in localities where the 
minimum does not prevail for more than a few hours, or where the lowest 
recorded temperature is extremely unusual, more than 15 deg above the 
minimum may be allowed, due primarily to the fly-wheel effect of the heat 
capacity of the structure. The outside temperature assumed and used in 
the design should always be stated in the heating specifications. Table 2 
lists the coldest dry-bulb temperatures ever recorded by the Weather 
Bureau at the places listed. 

If Weather Bureau reports are not available for the locality in question, 
then the reports for the station nearest to this locality are to be used, 
unless some other temperature is specifically stated in the specifications. 
In computing the average heat transmission losses for the heating season 
in the United States the average outside temperature from October 1 
to May 1 should be used. 


WIND MOVEMENT 

The effect of wind on the heating requirements of any building should 
be given consideration under two heads: 

1. Wind movement increases the heat transmission of walls, glass, and roof, affecting 
poor walls to a much greater extent than good walls. 

2. Wind movement materially increases the infiltration (inleakage) of cold air through 
the cracks around doors and windows, and even through the building materials them- 
selves, if such materials are at all porous. 

Theoretically as a basis for design, the most unfavorable combination 
of temperature and wind velocity should be chosen. It is entirely possible 
that a building might require more heat on a windy day with a moderately 
low outside temperature than on a quiet day with a much lower outside 
temperature. However, the combination of wind and temperature which 
is the worst would differ with different buildings, because wind velocity 
has a greater effect on buildings which have relatively high infiltration 
losses. It would be possible to work out the heating load for a building 
for several different combinations of temperature and wind velocity which 
records show to have occurred and to select the worst combination ; but 
designers generally do not feel that such a degree of refinement is justified. 
Therefore, pending further studies of actual buildings, it is recommended 
that the average wind movement in any locality during December, 
January and February be provided for in computing (1) the heat trans- 
mission of a building, and (2) the heat required to take care of the infiltra- 
tion of outside air. 

The first condition is readily taken care of, as explained in Chapter 5, 
by using a surface coefficient /© for the outside wall surface which is based 
on the proper wind velocity. In case specific data are lacking for any 
given locality, it is sufficiently accurate to use an average wind velocity of 
approximately 15 mph which is the velocity upon which the heat trans- 
mission coefficient tables in Chapter 5 are based. 

In a similar manner, the heat allowance for infiltration through cracks 
and walls (Tables 1 and 2, Chapter 6) must be based on the proper wind 
velocity for a given locality. In the case of tall buildings special attention 
must be given to infiltration factors. (See Chapter 6). 

In the past many designers have used empirical exposure factors which 
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Table 2. Climatic Conditions Compiled from Weather Bureau Records 


Col . a 

Col . B 

Col . C 

Col . D 

Col . E 

Col . F 

State 

City 

Average 
Temp., 
Oct. 1st- 
May 1st 

Lowest 

Tempera- 

ture 

Ever 

Reported 

Average 
Wind Vel- 
ocity Dec., 
Jan., Feb.. 
Miles per 
Hour 

Direction 
of Prevail- 
ing Wind, 
Dec., Jan., 
Feb. 

Ala. .. 

Mobile 

57.7 

-1 

8.3 

N 


Birmingham _ 

53.9 

-10 

1 8.6 

N 

Anr. 

Phof^niir . . 

59.5 

12 

3.9 

E 


Flf^g.stafF . .. __ . 

34.9 

-25 

1 6.7 

SW 

Artr 

Fort Smith 

49.5 

-15 

8.0 

E 


T.ittlo Rook 

51.6 

-12 

9.9 

NW 

Calif 

Francisr.o _ __ . 

54.3 

27 

7.5 

N 

T.OS Angp1f»R 

58.6 

28 

6.1 

NE 

Colo. 

Dftnvftr 

39.3 

-29 

7.4 

S 


CranH Jnnrtion 

39.2 

-21 

5.6 

SE 

Copn. _ 

New Haven I 

38.0 

-15 

9.3 

N 

D. C 

Wi’shington 

43.2 

-15 

7.3 

NW 

Fla 

Jacksonville 

61.9 

10 

8.2 

NE 


Atlanta 

51.4 

-8 

11.8 

NW 


Savannah _ 

58.4 

8 

8.3 

NW 

Idaho 

T.ftwiston . 

42.5 

-23 

4.7 

E 


Poratpillo 

36.4 

-22 

9.3 

SE 

111. 

Chirago 

36.4 

-23 

17.0 

SW 


Springfield 

39.9 

-24 

10.2 

NW 

TnH 

Indianapolis 

40.2 

-25 

11.8 

S 


Fvansville 

44.1 

-16 

8.4 

s 

TnwA 

Dnhiiqne. 

33.9 

-32 

6.1 

NW 


Sioux City . 

32.1 

-35 

12.2 

NW 

Kans- 

Conoordia . 

38.9 

-25 

7.3 

N 


Dodge City 

40.2 

-26 

10.4 

NW 

TCy 

Louisville 

45.2 

-20 

9.3 

SW 

T.a 

New Orleans 

61.5 

7 

9.6 

N 


Shreveport 

56.2 

-5 

7.7 

SE 

Me 

Eastport 

31.1 

-23 

13.8 

W 


Portland . . 

33.6 

-21 

10.1 

NW 

Md 

Baltimore 

43.6 

-7 

7.2 

NW 

Mass. 

Boston _ 

37.6 

-18 

11.7 

W 

Mich-..^ 

Alpena 

29.1 

-28 

11.3 

w 


Detroit 

35.4 

-24 

13.1 

SW 


Marquette 

27.6 

-27 

11.4 

NW 

Minn. 

Duluth 

25.1 

-41 

11.1 

SW 


Minneapolis 

29.6 

-33 

11.5 

NW 

Miss. 

Vicksburg 

56.0 

-1 

7.6 

SE 

Mo. 

St. Joseph 

40.3 

-24 

9.1 

NW 


St. T.oiiis 

43.3 

—22 ' 

11.8 

NW 


Springfield . 

43.0 

-29 

11.3 

SE 

Mont. 

Billings 

34.7 

-49 

W 


Havre 

27.7 

-57 

8.7 

SW 

N^hr 

T.inroln 

37.0 

-29 

10.9 

N 


North Platte 

34.6 

-35 

9.0 

W 

Nf^.v. 

Tonopah 

39.6 

-10 

9.9 

SE 


Winnemnrra 

37.9 

-28 

9.5 

NE 

N. H.._ 

Conr.ord 

33.4 

-35 

6.0 

NW 

N. J 

Atlantir City 

41.6 

-9 

10.6 

NW 

N. V. 

Albany 

35.1 

-24 

7.9 

S 


Rnffain 

34.7 

-20 

17.7 

w 


New Vork 

40.7 

-14 

17.1 

NW 

N. M 

Santa Fe 

38.0 

-13 

7.3 

NE 
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Table 2. Climatic Conditions Compiled from Weather Bureau Records — 

(Continued) 


Col. a 

Col. B 

Col. C 

Col. D 

Col. E 

Col. F 

State 

or 

Province 

City 

Average 
Temp.. 
Oct. 1st- 
May 1st 

Lowest 

Tempera- 

ture 

Ever 

Reported 

Average 
Wind Vel- 
ocity Dec., 
Jan., Feb., 
Miles per 
Hour 

Direction 
of Prevail- 
ing Wind, 
Dec., Jan., 
Feb. 

M r 

Raleigh 

49.7 

—2 

7.3 

SW 

SW 

NW 

W 

SW 

SW 

N 


Wilmington 

53.1 

5 

8.9 

N. Dak. . 

Rifimarrk 

24.5 

—45 


Devils T.ake . 

18.9 

—44 

11.4 

Ohio 

Cleveland 

36.9 

—17 

14.5 


Colnmhns 

39.9 

—20 

9.3 


Oklahoma City _ __ 

48.0 

-17 

12.0 

Oreg 

Ba ker 

34.1 

—24 

6.0 

SE 


Portland 

45.9 

-2 

6.5 

s 

Pa 

Philadelphia 

41.9 

-6 

11.0 

NW 


Pittsburgh . . _ 

40.8 

-20 

13.7 

NW 

P T. 

Providenre 

37.6 

-17 

14.6 

NW 

c; r 

Charleston 

56.9 

7 

11.0 

N 


Columbia 

53.7 

—2 

8.0 

NE 

S. Dak 

Huron 

28.1 

-43 

11.5 

NW 


Rapid City _ 

32.3 

-34 

7.5 

W 

Tpnn. 

Knoxville . 

47.0 

—16 

6.5 

SW 


Memphis 

50.9 

-9 

9.6 

NW 


El Paso 

53.0 

—2 

10.5 

NW 


Fort Worth 

54.7 

-8 

11.0 

NW 


San Antonio 

60.7 

4 

8.2 

N 

Utah 

Modena 

38.1 

-24 

8.9 

W 


Salt T.ake City 

40.0 

-20 

4.9 

SE 

Vt 

Burlington 

29.3 

-28 

12.9 

S 

Va 

Norfolk 

49.1 

2 

9.0 

N 


T.ynrhburg 

45.2 

—7 

5.2 

NW 


Rirhmond 

47.4 

-3 

7.4 

s 

Wash 

Seattle 

45.3 

3 

9.1 

SE 


Spokane 

37.5 

-30 

5.2 

SW 

W. Va 

Elkins 

38.8 

—28 

4.8 

W 


Parker.sburg 

41.9 

-27 

6.6 

s 

Wifi. 

Creen Bay 

28.6 

—36 

12.8 

SW 


T.a Crosse 

31.2 

-43 

5.6 

NW 


Milwaukee. . _ 

33.0 

-25 

11.7 

W 

Wvn. 

Sheridan 

31.0 

—45 

5.3 

NW 


T.ander 

28.9 

-40 

3.0 

NE 

Alta. 

Edmonton 

23.3 

-57 

4.5 

W 

B. C 

Victoria 

43.8 

-2 

8.9 

N 


Vanrouver 

41.7 

2 

4.2 

E 

Man 

Winnipeg 

17.2 

-46 

12.4 

SW 

N. B 

Erederirton . 

27.1 

-35 

8.7 

NW 

N. S 

Yarmouth 

35.5 

-12 

13.0 

NW 

Ont 

T.ondon 

32.5 

-26 


Ottawa 

26.9 

-33 

7.5 

W 


Pt. Arthur . .. 

21.6 

-51 


Toronto 

32.0 

-28 

13.5 

SW 

P. E. I 

C h a rl ot teto wn 

30.1 

-27 

8.7 

NW 

Que 

Montreal 

27.4 

-27 

15.4 

SW 


Pueber 

24.4 

-34 

15.0 

SW 

Sask 

Prince Albert 

14.7 

—70 

3.2 

SW 

Y ukon 

Dawson 

1.6 

-68 
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were arbitrarily chosen to increase the calculated heat loss^ on the side or 
sides of the building exposed to the prevailing winds. It is also possible 
to differentiate among the various exposures more accurately by calcu- 
lating the infiltration and transmission losses separately for the different 
sides of the building, using different assumed wind velocities. Recent 
investigations indicate, however, that the wind direction indicated by 
Weather Bureau instruments does not always correspond with the 
direction of actual impact on the building walls, due to deflection by 
surrounding buildings. 

Pending the time when the lack of actual test data is remedied, it is 
recommended that no differentiation be made among the various sides of 
a building in calculating the heat losses. It should be remembered that 
the values for 1/ in the tables in Chapter 5 are based on a wind velocity 
of 15 mph. 

The Heating, Piping and Air Conditioning Contractors National Associ- 
ation has devised a method^ for calculating the square feet of equivalent 
direct radiation required in a building. This method makes use of ex- 
posure factors which vary according to the geographical location and the 
angular situation of the construction in question in reference to pre- 
vailing winds and the velocity of them. 

HEAT FROM SOURCES OTHER THAN HEATING PLANT 

The heat supplied by persons, lights, motors and machinery should 
always be ascertained in the case of theaters, assembly halls, and in- 
dustrial plants, but allowances for such heat sources must be made only 
after careful consideration of all local conditions. In many cases, these 
heat sources should not be allowed to affect the size of the installation at 
all, although they may have a marked effect on the operation and con- 
trol of the system. In general, it is safe to say that where audiences are 
involved, the heating installation must have sufficient capacity to bring 
the building up to the stipulated inside temperature before the audience 
arrives. In industrial plants, quite a different condition exists, and heat 
sources, if they are always available during the period of human occu- 
pancy, may be substituted for a portion of the heating installation. In 
no case should the actual heating installation (exclusive of heat sources) 
be reduced below that required to maintain at least 40 F in the building. 

Motors and Machinery 

Motors and the machinery which they drive, if both are located in the 
room, convert all of the electrical energy supplied into heat, which is 
retained in the room if the product being manufactured is not removed 
until its temperature is the same as the room temperature. 

If power is transmitted to the machinery from the outside, then only 
the heat equivalent of the brake horsepower supplied is used. In the 
. ^ ... , Motor horsepower 

first case the Btu supplied per hour = Efficiency of mot^ ^ 

in the second case Btu per hour == bhp X 2,546, in which 2,546 is the 
Btu equivalent of 1 hp-hour. In high-powered mills this is the chief 


2See Standards of Heating, Piping and Air Conditioning Contractors National Association. 
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source of heating and it is frequently sufficient to overheat the building 
even in zero weather, thus requiring cooling by ventilation the year 
round. 

The heat (in Btu per hour) from electric lamps is obtained by multi- 
plying the watts per lamp by the number of lamps and by 3.415. One 
cubic foot of producer gas gives off about 150 Btu per hour; one cubic 
foot of illuminating gas gives off about 535 Btu per hour; and one cubic 
foot of natural gas gives off about 1000 Btu per hour. A Welsbach 
burner averages 3 cu ft of gas per hour and a fish-tail burner, 5 cu ft 
per hour. For information concerning the heat supplied by persons, 
see Chapter 2. 

In intermittently heated buildings, besides the capacity necessary 
to care for the normal heat loss which may be calculated according to 
customary rules, additional capacity should be provided to supply the 
heat necessary to warm up the cold material of the interior walls, floors, 
and furnishings. Tests have shown that when a cold building has had its 
temperature raised to about 60 F from an initial condition of about 0 F, 
the heat absorbed from the air by the material in the structure may vary 
from 50 per cent to 150 per cent of the normal heat loss of the building. 
It is therefore necessary, in order to heat up a cold building within a 
reasonable length of time, to provide such additional capacity. If the 
interior material is cold when people enter a building, the radiation of 
heat from the occupants to the cold material will be greater than is 
normal and discomfort will result. (See Chapter 2.) 


CONDENSATION ON BUILDING SURFACES ’ 


Condensation on the interior surfaces of buildings is often a serious 
problem. Water dripping from a ceiling may cause irreparable damage 
to manufactured articles and machinery. It often results in short-cir- 
cuiting of electric power and lighting systems, necessitating shut-downs 
and incurring costly repairs. It also causes rotting of wood roof struc- 
tures, corrosion of metal roofs, and spalling and disintegration of gypsum 
and other types of roof decks not properly protected. 

Condensation is caused by the contact of the warm humid air in a 
building with surfaces below the dew-point temperature, and can be 
remedied in two ways, (1) by increasing the temp^ature of such surfaces 
above the dew-point temperature, or (2) by lowering the humidity. 

Dehumidification, of course, is not advisable where a high relative 
humidity is necessary for manufacturing processes. Hence, the_ only 
alternative is to increeise the surface temperature by decreasing the inside 
surface resistance. This can be accomplished by increasing the velocity 
of air passing over the surface, or by increasing the over-all resistance of 
the wall or roof by installing a suflacient thickness of insulation. 

The latter method is generally used, and the thickness of insulation 
is determined by ascertaining the amount of resistance to be added to 
increase the temperature of the interior surface above the dew-point 
temperature for the maximum conditions involved. This in turn is based 
on the fundamental principle that the drop in temperature is proportional 
to the resistance. See Question 1 at the end of this chapter. 

2See Preventing Condensation on Interior Building Surfaces, by Paul D. Close (A-S.H.V.E. Trans- 
actions, Vol. 36 , 1930 ). 
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EXAMPLE OF HEAT LOSS COMPUTATIONS 



Fig. 1. Elevation of Factory Building 


1. Location Philadelphia, Pa. 

2. Lowest outside temperature. (Table 2) — 6 F 


3. Base temperature: In this example a design temperature 10 F above lowest 
on record instead of 15 F is used. Hence the base temperature = 


(~ 6 + 10) - + 4 F. 

4. Direction of prevailing wind (during Dec., Jan., Feb.) Northwest 

5. Breathing-line temperature (5 ft from floor) 60 F 

6. Inside air temperature at roof: 


The air temperature just below roof is higher than at the breathing line. 
Height of roof is 16 ft, or it is 16 — 5 == 11 ft above breathing line. Allowing 
2 per cent per foot above 5 ft, or 2 X 11 =22 per cent, makes the tem- 
perature of the air under the roof = 1.22 X 60 = 73.2 F. 

7. Inside temperature at walls: 

The air temperature at the mean height of the walls is greater than at 
the breathing line. The mean height of the walls is 8 ft and allowing 2 per 
cent per foot above 5 ft, the average mean temperature of the walls is 
1.06 X 60 = 63.6 F. By similar assumptions and calculations, the mean 
temperature of the glass will be found to be 64.2 F and that of the doors 


61.2 F. 

8. Average wind velocity (Table 2) 11.0 mph 

9. Over-all dimensions (See Fig. 1) 120 x 50 x 16 ft 

10. Construction: 


Walls — 12-in. brick, with J^-in. plaster applied directly to inside surface. 
Roof — 3-in. stone concrete and built-up roofing. 

Floor — 5-in. stone concrete on 3-in. cinder concrete on dirt. 

Doors — One 12 ft x 12 ft wood door (2 in. thick) at each end. 

Windows — Fifteen, 9 ft x 4 ft single glass double-hung windows on each side. 


11. Transmission coefficients: 

Walls — (Table 3, Chapter 5, Wall 2B) U = 0.34 

Roof — (Table 11, Chapter 5, Roofs 2A and 3A) U — 0.77 

Floor — (Table 10, Chapter 5, Floors 5A and 6A) U = 0.63 

Doors — (Table 13B, Chapter 5) U — 0.46 

Windows — (Table 13A, Chapter 5) U = 1.13 
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12. Infiltration Coefficients: 

Windows — Average windows, non-weatherstripped, crack and 

% 4 -in. clearance. The leakage per foot of crack for an 11-miIe wind 
velocity is 25.0 cfh. (Determined by interpolation of Table 2, 
Chapter 6.) The heat equivalent per hour per degree per foot of 
crack is taken from Chapter 6. 

25.0 X 0.018 = 0.45 Btu per deg Fahr per foot of crack. 

Doors — Assume infiltration loss through door crack twice that of windows 
or 2 X 0.45 == 0.90 Btu per deg Fahr per foot of crack. 

Walls — As shown by Table 1, Chapter 6, a plastered wail allows so little 
infiltration that in this problem it may be neglected. 

13. Calculations: See calculation sheet, Table 3. 


Table 3. Calculation Sheet Showing Method of Estimating Heat Losses of 
Building Shown in Fig. 1 


Part of Building 

Width 

in 

Feet 

Height 

IN 

Feet 

Net Sur- 
face Area 
OR Crack 
Length 

Coeffi- 

cient 

Temp. 

Diff. 

Total 

Btu 

North Wall: 







Brick, H-in. plaster 

50 

16 

656 

0.34 

59.6 

13,293 

Doors (2-m. wood) 

12 

12 

144 

0.46 

57.2 

3,789 

in. Craclc.__ 

1 pair 

doors 

60 

0.90 

57.2 

1,544a 

West Wall: 

i 






Brick, H-in plaster 

120 ! 

1 16 

13S0 

0.34 

59.6 

27,964 

Glass (Single).— 

15 X 4 

! 9 

540 

1.13 

60.2 

36,734 


Double 

Hung 





in. Crack.__ 

[ Windows (15) 

450 

0.45 

60.2 

6.095a 

South Wall - 

Same as North Wall 


18.626 

East Wall 

Same as West Wall 


70.793 

Roof, 3-in. concrete and slag- 


i 





surfaced built-up roofing 

50 

120 

6000 

0.77 

69.2 

319,704 

Floor, .'-in- stone concrete on 







3-in. cinder concrete 

50 

120 

6000 

0-63 

ob 

18,900 

Grand Total of heat required for building in Btu per hour. 

517,442 


■This building has no partitions and whatever air enters through the cracks on the windward side must 
leave through the cracks on the leeward side. Therefore, only one-half of the total crack will be used in 
computing infiltration for each side and each end of building. 

bA 5 F temperature differential is commonly assumed to exist between the air on one side of a large 
floor laid on the ground and the ground. 


PROBLEMS KV PRACTICE 

1 # The dry-bulb temperature and the relative humidity at the ceiling of a 
mixing room in a bakery are 80 F and 60 per cent, respectively. The roof is a 
4-in. concrete deck covered with built-up roofing. If the lowest outside tem- 
perature to be expected is — 10 F, what thickness of rigid fiber insulation will be 
required to prevent condensation? 

From Table 11, Chapter 5, U for the uninsulated roof = 0.72. From Table 2, Chapter 5, 
k for rigid fiber insulation = 0.33. From the psychrometric chart, Chapter 1, the dew 
point of air at 80 F and 60 per cent relative humidity is 65 F. The ceiling temperature, 
therefore, must not drop below 65 F if condensation is to be prevented. 
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When equilibrium is established, the amount of heat flowing through any component 
part of a construction is the same for each square foot of area. 

Therefore, 

Z7[80 ~ (-10)] = 1.65 (80 - 65j 


where 

U is the transmittance of the insulated roof. 
Solving the equation, U = 0.275. 


The resistance of the insulated roof = 


0.275 


=3.64. 


The resistance of the uninsulated roof = = 1.39. 

The resistance of the insulation = 3.64 — 1.39 = 2.25. 


Resistance per inch of insulation = ^ =3.0. 


Since a resistance of 2.25 is required, and 1 in. of insulation has a resistance of 3, one inch 
will be sufficient to prevent condensation. 

The same result might have been obtained by selecting an insulated 4-in. concrete slab 
having a Z7 of less than 0.275 from Table 11, Chapter 5. This 4-in. concrete slab with 
1-in. rigid insulation has a of 0.23 which is safe. 


2 • What inside dry -bulb temperatures are usually assumed for: (a) homes, 
(b) schools, (c) public buildings? 

Referring to Table 1 : 

a. 70 to 72 F. 

b. Temperature varies from 55 to 75 F, depending on the room. Classrooms, for instance, 
are usually specified as 70 to 72 F. 

c. 68 to 72 F. 


3 # How is the outside temperature selected for use in computing heat losses? 

The outside temperature used in computing heat losses is generally taken from 10 to 15 F 
higher than the lowest recorded temperature as reported by the Weather Bureau during 
the preceding 10 years for the locality in which the heating system is to be installed. 
In some cases where the lowest recorded temperature is extremely unusual, the design 
temperature is taken even higher than 15 F above the lowest recorded temperature. 

4 • What are the effects of wind movement on the heating load? 

a. Wind movement increases the heat transmission of walls, glass, and roof; it affects 
poor walls to a much greater extent than good walls. 

h. Wind movement materially increases the infiltration (inleakage) of cold air through 
the cracks around doors and windows, and even through the building materials them- 
selves if such materials are at all porous. 

5 • Calculate the heat given off by eighteen 200-watt lamps. 

200 X 18 X 3.415 = 12,294 Btu per hour. 

6 • A two-story, six room, frame house, 28-ft by 30-ft foundation, has the 
following proportions : 

Area of outside walls, 1992 sq ft. 

Area of glass, 333 sq ft. 

Area of outside floors, 54 sq ft. 

Cracks around windows, 440 ft. 

Cracks around doors, 54 ft. 

Area of second floor ceiling, 783 sq ft. 

Volume, first and second floors, 13,010 cu ft. 

Ceilings, 9 ft high. 
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The minimum temperature for the heating season is — 34 F, and the required 
inside temperature at the 30-in. level is 70 F. The average number of degree 
days for a heating season is 7851, and the average wind velocity is 10 mph, 
northwest. 

The walls are constructed of 2-iu. by 4-in. studs with wood sheathing, building 
paper, and wood siding on the outside, and wood lath and plaster on the inside. 
Windows are single glass, double-hung, wood, without weatherstrips. The 
second floor ceiling is metal lath and plaster, without an attic floor. The roof 
is of wood shingles on wood strips with rafters exposed. The area of the roof is 
20 per cent greater than the area of the ceiling. Select values for the following: 
(a) U for walls; (b) U for glass; (c) U for second floor ceiling; (d) U for roof; 
(e) U for ceiling and roof combined; (f) air leakage, cubic feet per hour per foot 
of window crack; (g) air leakage, cubic feet per hour per foot of door crack. 

a. 0.25 (Table 5, Chapter 5). 

b. 1.13 (Table 13, Chapter 5). 

c. 0.69 (Table 8, Chapter 5). 

d. 0.48 (Table 12, Chapter 5). 

e. 0.236 (Equation 6, Chapter 5). 

/. 21.4 (Table 2, Chapter 6). 

g. 42.8, which is double the window leakage. 


7 • Using the data of Question 6, calculate the maximum Btu loss per hour for 
the various constructions, and show the percentage of the total heat which is 
lost through each construction described. 


Assume 2 per cent rise in temperature for each foot in height. The average temperature 
will be 72.8 F for walls, doors, and windows, and 79.1 F for the second floor ceiling. 


a. Outside walls 

b. Glass 

c. Doors 

d. Second floor ceiling 

e. Air leakage, windows 
/. Air leakage, doors 


46,200 Btu loss 
34,950 Btu loss 
5,670 Btu loss 
17,840 Btu loss 
15,750 Btu loss 
3,865 Btu loss 


37.2 per cent of total 
28.1 per cent of total 

4.6 per cent of total 

14.3 per cent of total 
12,7 per cent of total 

3.1 per cent of total 


Total 


124,275 Btu loss 100.0 per cent of total 


8 • For the house in Question 6, place 1-in. insulation in the outside walls and 
second floor ceiling; k for insulation = 0.34. Use weatherstrip on doors and 
windows, and double glass on the windows; Ca = 0.55. Calculate or select the 
following values: (a) U for walls; (b) U for glass; (c) U for second floor ceiling; 
(d) U for combination of ceiling and roof; (e) Air leakage, cubic feet per hour 
per foot of door crack; (f) air leakage, cubic feet i>er horn per foot of window 
crack. 


a. 0.144. 

b. 0.55. 

c. 0.23. 

d. 0.13. 
15.5. 

/. 31.0. 


9 • Calculate the maximum Btu loss per hour and show the percentage loss by 
each channel for the house as insulated in Question 8. 


a. 

Outside walls 

26,650 Btu loss 

36.2 per cent of total 

h. 

Glass 

17,000 Btu loss 

23.1 per cent of total 

c. 

Doors 

5,670 Btu loss 

7.7 per cent of total 

d. 

Ceiling 

10,070 Btu loss 

13.7 per cent of total 

e. 

Air leakage, windows 

11,400 Btu loss 

15.5 per cent of total 

/. 

Air leakage, doors 

2,795 Btu loss 

3.8 per cent of total 


Total 

73,585 Btu loss 

100.0 per cent of total 
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10 • From the results of Questions 7 and 9, calculate the Btu saved and the 
percentage saved by each change in construction. 



Insulated 

Uninsulated 

Btu Saved 

Per Cent Saved 

a. Outside walls 

46,200 

26,650 

19,550 

42.3 

5. Glass 

34,950 

17,000 

17,950 

51.4 

c. Doors 

5,670 

5,670 

0 

0 

d. Ceiling 

3,865 

2,795 

1,070 

27.7 

e. Air leakage, windows 

17,840 

10,070 

7,700 

43.1 

/. Air leakage, doors 

15,750 

11,400 

4,350 

27.6 


11 # From the results of Questions 7 and 9, calculate the heat loads per heating 
season in Btu and note the savings by better construction. 

The 7851 degree days for the heating season multiplied by 24 hours, times the Btu loss 
per hour for 1 F drop in temperature gives the Btu load per heating season. 

Saving = 250,800,000 - 148,000,000 = 102,800,000 Btu. 



Chapter 8 


COOLING LOAD 


Conditions to he Maintained, Cooling Load, Transmission for 
Surfaces not Exposed to the Sun, Outside Temperatures, Solar 
Radiation, Time Lag, Transmission of Solar Radiation Through 
Glass, Heat and Moisture Leakage, Heat and Moisture Sources 


T he method of calculating the cooling load is similar to that used 
in calculating the heating load. The direction of the flow of heat is 
reversed, however, and in most cases additional factors must be con- 
sidered, such as solar radiation and the heat from occupants, lights, 
motors, and other sources. The character of the load depends on the type 
of building to be cooled as, for example, in auditoriums and other places 
of assemblage where the maximum load usually is that due to the heat and 
moisture given off by the occupants, or in office buildings and residences 
where solar radiation and the transmission and infiltration of heat 
through the building shell are most important. 

While cooling is generally identified with the summer season, it is often 
necessary to cool in winter as well as in summer. In a crowded place of 
assemblage the heat given off by the occupants, together with that given 
off by the lighting and power equipment, may be more than the normal 
heat loss through the structure even in winter under cold climatic con- 
ditions. 

Much of the basic information for the design of comfort conditioning 
installations has resulted from research conducted at the A.S.H.V.E. 
Research Laboratory and at institutions with which cooperative research 
investigations have been carried on. These data include the effective 
temperature index, and heat and moisture loss data given in Chapter 2. 

COMFORT CONDITIONS 

The conditions to be maintained in an enclosure are variable and 
depend on many factors, especially the season of the year and (during the 
summer) the outside dry-bulb temperature and the duration of the period 
of occupancy. Information concerning the proper effective temperatures 
to be maintained for various seasons is given in Chapter 2, where are also 
tabulated the most desirable indoor air conditions to be maintained in 
summer for exposures less than three hours. (See Table 2, Chapter 2.) 

In installations for restaurants and theaters the requirements are 
different from those in offices, since there must be a considerable volume 
of air circulated in order to provide ventilation and cooling. 
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Table 1. Average Maximum Design Dry-Bulb Temperatures, Design Wet-Bllb 
Temperatures, Wind Velocities, and Wind Directions for 
June, July, August, and September 


State 

CiTT 

Average 

Maximum 

Design 

Drt-Bulb 

Design 

Wet-Bulb 

Summer Wind 
Velocttt 
MPH 

Prevailing 
Summer Wind 
Direction 

Ala. 

Birmingham. 

93 

77 

5.2 

s 


Mobile..... 

94 

78 

8.6 

sw 

Ariz 

Phoenix.- 

110 

77- 

6.0 

w 

ArTr 

Little Rock. - 

95 

77 

7.0 

NE 


Los Angeles 

88 

70 

6.0 

SW 


San Francisco 

85 

68 

11.0 

sw 

Colo. 

Denver 

90 

64 

6.8 , 

s 

Conn . 

New Haven 

88 

74 

7.3 

s 

n c 

Washingtion 

95 

78 

6.2 

s 

Flfl 

Jarksnnville 

94 

78 

8.7 

sw 


Tampa 

94 

79 

7.0 

E 

Ca 

Atlanta 

91 

75 

7.3 

NW 


Savannah 

95 

79 

7.8 

SW 

Trfahn 

Boise 

95 

65 

5.8 

NW 

Ill_ 

Chicago.- 

95 

75 

10.2 

NE 


Peoria 

91 

75 

8.2 

S 

TnH 

Indianapolis 

90 

73 

9.0 

SW 

Iowa 

Dps Moinfjs , 

92 

74 

6.6 

sw 

Ky 

Loiiisville . .. - 

94 

75 

8.0 

sw 

T 

New Orleans 

94 

79 

7.0 

sw 

Maine 

Portland . _ ...J 

85 

71 

7.3 

s 

MH. 

Baltimore 

93 

76 

6.9 

sw 

Mass 

Boston 

88 

73 

9.2 

sw 

Mtrh. 

Detroit 

93 

73 

10.3 

sw 

Minn. 

Minneapolis 

84 

72 

8.4 

SE 

Miss. 

Vicksburg 

95 

78 

6.2 

sw 

Mn 

Kansas City. 

92 

75 

9.5 

s 


St- T.nnis 

95 

78 

9.4 

sw 

Mont. 

Helena 

87 

63 

7.3 

sw 

Nebr 

Lincoln 

93 

74 

9.3 

s 

Nev. — 

Reno 

93 

64 

7.4 

w 

N J 

Trenton . _ 

95 

76 

10.0 

sw 

N V 

Albany 

90 

74 

7.1 

s 


Buffalo 

83 

72 

12.2 

sw 


New York.— 

95 

75 

12.9 

sw 

N. M 

Santa Fe _ 

87 

63 

6.5 

SE 

N. C 

Asheville. 

87 

72 

5.6 

SE 


Wilmington 

93 

79 

7.8 

sw 

N. Ds>lr 

Rismarok- 

88 

69 

8.8 

NW 

Ohio 

Cleveland : 

95 

73 

9.9 

s 


Cincinnati 

95 

78 

6.6 

sw 

Oklfl. 

Oklahoma City 

96 

76 

10.1 

s 

Oreg. 

Portland 

83 

65 

6.6 

NW 

P« 

Philadelphia __ 

95 

78 

9.7 

SW 


Pittsburgh 

91 

73 

9.0 

NW 

P T 

Providenre - _ 

85 

73 

10.0 

NW 

5n C 

Charleston 

94 

80 

9.9 

SW 


Greenville- 

93 

76 

6.8 

NE 

Tenn 

Chattanooga 

94 

76 

6.5 

SW 


Memphis.- 1 

93 

77 

7.5 

sw 
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Table 1. Average Maximum Design Dry-Bulb Temperatures, Design Wet-Bulb 
Temperatures, Wind Velocities, and Wind Directions for 
June, July, August, and September (Continued) 


State 

City 

Average 

Mastmem 

Design 

Dry-Bulb 

Design 

Wet-Bulb 

Summer Wind 
Veloctty 
MPH 

Prevailing 
Summer Wind 
D iRECnON 

Texas 

Dallas 

99 

76 

9.4 

s 


Galveston 

93 

79 

9.7 

S 


San Antonio 

100 

78 

7.4 

SE 


Houston 

93 

79 

7.7 

S 


El Paso 

98 

69 

6.9 

E 

Utah 

Salt Lake City 

95 

67 

8.2 

SE 

Vt 

1 Burlington 

85 

71 

8.9 

s 

Va 

1 Norfolk 

91 

76 

1 10.9 

s 


Richmond.- 

95 

78 

6.2 

SW 

Wash 

Sejittle .. 

83 

61 

7.9 

s 


Spokane 

89 

1 63 

6.5 

SW 

W. Va 

Parkersburg 

90 

' 74 

5.3 

SE 

Wis 

Madison.. 

89 

i 73 

8.1 

SW 


Milwaukee 

93 

74 

10.4 

S 

Wyo 

Cheyenne 

85 

62 

9.2 

S 


COOLING LOAD 

The cooling load may be divided into the following parts: 

1. Transmission of heat through walls, roof, and glass with allowances for sun- 
exposed surfaces and heat capacity. 

2. Transmission of solar radiation through glass and absorption by interior furnishings. 

3. Heat and moisture from infiltration and from outside air introduced. 

4. Heat and moisture from occupants and heat from lights, machinery and other 
sources. 

Transmission for Surfaces Not Exposed to the Sun 

The transmission load /or surfaces not exposed to the sun is calculated in 
a manner similar to that described in Chapter 7, by means of the following 
formula: 

Ht^AU{to-t) ( 1 ) 

where 

Ht = heat transmitted through the material of the wall, glass, roof, or floor, Btu 
per hour. 

A = net inside area of wall, glass, roof, or floor, square feet. 
t — inside temperature, degrees Fahrenheit. 
to = outside temperature, d^ees Fahrenheit. 

U — coefficient of transmission of wall, floor, roof, or glass, Btu per hour per 
square foot per degree Fahrenheit difference in temperature. (Tables 3 to 13, 
Chapter 5.) 

Outside Temperatures 

^ Summer dry-bulb and wet-bulb temperatures for various -cities are 
given in Table 1. It will be noted that the temperatures are not the 
maximums but the design temperatures which should be used in air- 
conditioning calculations. The maximum outside wet-bulb temperatures 
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as given in Weather Bureau reports usually occur only from 1 per cent to 
4 per cent of the time, and they are therefore of such short duration that 
it is not practical to design a cooling system covering this range. The 
temperatures shown in Table 1 have been chosen after extensive study of 
the Weather Bureau records and are temperatures that are not exceeded 
more than 5 to 8 per cent of the time during June, July, August, and 
September for an average year. 

Solar Radiation 

Fig. 1 shows the total amount of solar energy in Btu per square foot per 
hour received during the day by a surface normal to the rays of the sun, 
by a horizontal surface, and by east, west, and south walls. The curves 
are drawn from A.S.H.V.E. Laboratory data obtained by pyrheliometer, 
are based on sun time, and are for a perfectly clear day on August 1 at a 
north latitude of 40 deg. Data from these curves may be used with 
little error for most United States latitudes and for all of the hotter 
months of the year. 

The absorption of solar radiation by a surface depends upon the 
character of the surface and the angle of the surface with respect to the 
direction of the radiation. The heat absorption by a black oilcloth 
surface perpendicular to the sun’s rays was found to be as high as 273 Btu 
per square foot per hour, based on tests conducted by the A.S.H.V.E. 
Research Laboratory in Pittsburgh^ Lamp black, red brick dust, and 
aluminum bronze painted surfaces perpendicular to the sun’s rays 
showed, respectively, 94.0, 63.4, and 28.2 per cent as high a rate of 
absorption as the black oilcloth. 


Table 2. Allowance for Solar Radiation on Roofs and Walls 

Approximate Number of Degrees to -Add to Dry- Bulb Temperature 
FOR Different Types of Surfaces 


Type of Surface 

Black 

Red Brick or Tile 

Aluminum Paint 

Roof, horizontal - - 

45 

30 

15 

East or west wall 

30 

20 

10 

South wall - 

15 

' 10 

5 






Solar radiation is an important factor in the mechanism of heat flow 
into buildings. Research conducted at the A.S.H.V.E. Research Labora- 
tory^ has shown that a large error may be introduced into the calculations 
by failure to consider the periodical character of heat flow resulting from 
the diurnal movement of the sun and the heat capacity of the structure, 
which determine the timing and magnitude of the heat wave flowing 
through the wall into a building on a hot, sunny day. 


^Absorption of Solar Radiation in Relation to the Temperature, Color, Angle, and Other Characteristics 
of the Absorbing Surface, by F. C. Houghten and Carl Gutberlet (A.S.H.V.E. Transactions, VoI. 36, 1930), 
2For further information on this subject see following A.S.H.V.E. research papers: Coefficients of Heat 
Transfer as Measured under Natural Weather Conditions, by F. C. Houghten and C. G. F. Zobel (A.S.H. 
V.E. TRANS.A.CTIONS, Vol. 34, 1928); Absorption of Solar Radiation in Its Relation to the Temperature, 
Color, Angle and Other Characteristics of the Absorbing Surface, by F. C. Houghten and Carl Gutberlet 
(A.S.H.V.E. Transactions, Vol. 36, 1930); Heat Transmission as Influenced by Heat Capacity and Solar 
Radiation, by F. C. Houghten, J. L. Blackshaw, E. M. Pugh and Paul McDermott (A.S.H.V.E. Trans- 
actions, Vol. 38, 1932). 
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Unfortunately, the calculations for the transmission of heat from solar 
radiation through building walls are too complicated to be of much 
practical value to the heating and ventilating engineer. Approximate 
results may be obtained by adding the number of degrees given in Table 2 
to the outside design dr>"-bulb temperature in calculating the heat trans- 
mission through a wall or roof which may be exposed to the sun for an 
appreciable length of time. Table 2 was obtained from a study of the 
data in A.S.H.V.E. research papers on solar radiation^* Black and 
aluminum painted surfaces represent the extremes which are likely to 
occur. For other types of surfaces, values intermediate between those 
given in the table can be used. 

Time Lag 

The calculation of heat transmitted through walls and roofs does not 
take into consideration the heat capacity of the structure and the con- 
sequent time lag in the transmission of heat. In the thick walls used in 
modern office buildings the time lag may amount to 10 hours or more^. 
Thus in many cases the wall transmission cannot be added directly to the 
cooling load from other sources because the peak of the wall transmission 
load may not coincide with the peak of the total cooling load and may 
even occur after the cooling system has been shut down for the day. The 
data in Table 3 were taken from A.S.H.V.E. research papers^’ ^ and 
while they result principally from a study of experimental slabs, they give 
an idea of the time lag to be expected in various structures. 


Table 3. Time Lag in Transmission of Solar Radiation through Walls and Roofs 


Type and Thickness op Wall or Roof 

Time Lag, 
Hours 

2-in. pine . . 1 

VA 

3 

6-in. concrete— i 

4-in. gypsum 

2H 

2 

3-in. concrete and 1-in. cork 

2-in. iron and cork (equivalent to M-in. concrete and 2.15-in. cork) 

2H 

7A 

19 

4-in. iron and cork (equivalent to 5}^-in. concrete and 1.94-in. cork) 

S-in. iron and cork (equivalent to 16-in. concrete and 1.53-in. cork) 


22-in. brick and tile wall ..j 10 


In intermittently cooled buildings an excess cooling capacity must be 
provided to care for the additional load imposed by the necessity to cool 
down the furnishings and the material of the interior construction to the 
point of maintained temperatures. 

Transmission of Solar Radiation Through Class 

In considering the transmission through glass several factors must be 
considered. As the sun's rays impinge against a pane of glass, most of the 
radiation passes through to the other side, a small amount is reflected, and 
the balance is absorbed by the glass. The amount absorbed depends upon 


’Heat Transmission as Influenced by Heat Capacity and Solar Radiation, by F. C. Houghten, J. L. 
Blackshaw, E. M. Pugh, and Paul McDermott (A.S.H.V.E. Transactions, Vol. 38, 1932). 

^Field Studies of Office Building Cooling (A.S.H.V.E- Research Paper), by J. H. Walker, S. S. Sanford, 
and E. P. Wells (A.S.H.V.E. Transactions, Vol. 38, 1932). 
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SURFACE NORMAL TO SUN 



Fig. 1. Curves Giving Solar Intensity Normal to Sun, on Horizontal 
Surface and on Walls for August I 
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the character and thickness of the glass and the angle between the rays of 
sunlight and the glass. The temperature of the glass is raised by the 
absorbed heat and this heat is then delivered to the air on the two sides of 
the glass in proportion to the difference between glass and air tem- 
peratures. 

The A.S.H.V.E. tests indicated that a single pane of double strength 
glass 0.127 in. thick absorbs approximately 11 per cent of the solar 
radiation passing through it when the impingement is normal. For 
smaller angles of impingement, the glass retards percentages of the total 
radiant energy approximately in proportion to the sine of the angle. 
Other experiments^ indicate a glass absorption of 16.7 per cent for one 
pane of glass and 37.5 per cent for two }4-in. panes separated by a 1%-in. 
air space. 

The amount of solar radiation delivered to an unshaded glass surface 
may be obtained from the curves in Fig. 1. For surfaces other than those 
given, the solar radiation incident to the glass must be calculated. 
Hendrickson and Walker^ have shown how this may be done if the wall 
faces some direction other than east, west, or south. They have also 
shown how to calculate the net glass area on which the solar radiation 
impinges when the glass is partly shaded by the frame or wall. The 
values from Fig. 1 must be used only for the net glass area on which the 
sun shines. Recent tests at the A.S.H.V.E. Research Laboratory® have 
determined the percentage of heat from solar radiation actually delivered 
to a room with bare windows and with various types of outdoor and 
indoor shading. The data in Table 4 are taken from these tests. 


Table 4. Solar Radiation Transmitted through Bare and Shaded Windows 



Pbb Cent Delivered 

TO Room 

Bare window glass 

97 

Canvas awning 

28 

Inside shade,' fully drawn 

45 

Inside shade, one-half drawn i 

68 

Inside Venetian blind, fully covering window. 1 

58 

Outside Venetian blind, fully covering window j 

22 



The percentage figures in this table were obtained by dividing the total 
amount of heat actually entering through the shaded window by the 
total amount of heat calculated to enter through a bare window (solar 
radiation plus glass transmission based on observed outside glass tem- 
perature). For bare windows on which the sun shines, the transmission 
of heat from outside air to glass is small as the glass temperature is raised 
by the solar radiation absorbed. Therefore, in calculating the total heat 
gain through windows on the sunny sides of buildings, it is sufficiently 
accurate to figure the total cooling load due to the window, as the solar 
radiation times the proper factor from Table 4, and to neglect the heat 


^Summer Cooling for Comfort as Affected by Solar Radiation, by G. A. Hendrickson and J. H. Walker, 
Heating and Ventilating, November, 1932, and The Determination of Sun Effect on Summer Cooling Loads, 
by G. A. Hendrickson and J. H. Walker, Heating and Ventilating, June, 1933. 

Judies of Solar Radiation Through Bare and Shaded Windows, by F. C. Houghten, Carl Gutberlet, 
and J. L. Blackshaw (A.S.H.V.E. Journal Section, Heating, Piping and Air Conditioning, February, 1934). 
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transmission through the glass caused by the difference between the 
temperatures of the inside and outside air. Another reason for neglecting 
this glass transmission load is that the curves in Fig. 1 were based on the 
maximum intensity of solar radiation observed at the i\.S.H.V.E. Labora- 
tory during a three-year study, so results based on these curves will be 
amply high. It will be noted that Table 4 gives the amount of heat 
delivered through the window as 97 per cent of the solar radiation, which 
is greater than is indicated by the figures for absorption in the preceding 
paragraph. The explanation is that much of the radiation absorbed by 
the glass is delivered to the room. 

Fig. 1 shows that the maximum solar intensity on any surface is of 
limited duration. In the case of windows the total energy impinging on 
the glass before and after the time of maximum intensity is further 
reduced by increased shading of the glass from the frame, or wall. The 
cooling load due to solar radiation therefore does not have to be figured as 
a steady load. Another point which should be noted is that the maximum 
solar radiation load on an east wall occurs early in the morning when the 
outside temperature is low. 

In a recent paper by the A.S.H.V.E. Research Laboratory^ it was shown 
that ordinary double strength window glass transmits no measurable 
amount of energy radiated from a source at 500 F or lower; that it trans- 
mits only 6.0 and 12.3 per cent of the total radiation from surfaces at 
700 F and 1000 F, respectively; and that it transmits 65.7 per cent of the 
radiation from an arc lamp, 76.3 per cent of the radiation from an in- 
candescent tungsten lamp, and 89.9 per cent of the radiation from the 
sun. Thus, glass windows in a room constitute heat traps, which allow 
rather free transmission of radiant energy into the room from the sun to 
warm objects in it, but do not allow the transmission of re-radiated heat 
from these same obj'ects. 

Some recent tests^ indicated that sunshine through window glass is 
the most important factor to contend with in the cooling of an office 
building. At times it was shown to account for as much as 75 per cent of 
the total cooling necessary. Because of the importance of the sunshine 
load, cooling systems should be zoned so that the side of the building on 
which the sun is shining can be controlled separately from the other sides 
of the building. If buildings are provided with awnings so that the 
window glass is shielded from sunshine, the amount of cooling required 
will be reduced and there will also be less difference in the cooling require- 
ments of different sides of the building. The total cooling load for a 
building exposed to the sun on more than one side is of course less than 
the sum of the maximum cooling loads in the individual rooms since the 
maximum solar radiation load on the different sides occurs at different 
times. 

Heat and Moisture Leakage 

An allowance must be made for the heat and moisture in the outside air 
introduced for ventilating purposes or entering the building through 
cracks, crevices, doors, and other places where infiltration might occur. 


’’Radiation of Energy Through Glass, by J. L. Blackshaw and F. C. Houghten (A.S.H.V.E. Journal 
Section, Heating, Piping and Air Conditioning, October, 1933). 
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The volume of air entering due to infiltration may be estimated from data 
given in Chapter 6, and information on the amount of outside air required 
for ventilation will be found in Chapter 2. 

The heat gain resulting from the outside air introduced may be esti- 
mated from the following formula: 

Hi = Qdo (©o - ©) (2) 

where 

Hi == heat to be removed from outside air entering the building, Btu per hour. 

Q — volume of outside air entering the building, cubic feet per hour. 
do = density of outside air, pounds of dry air per cubic foot of outside air, at the 
temperature Ad- 

©o ~ heat content of mixture of outside dry air (at temperature to) and water vapor, 
Btu per pound of dry air. 

© = heat content of mixture of inside dry air (at temperature /) and water vapor, 
Btu per pound of dry air. 

Heat and Moisture Sources 

Figs. 6 to 9, Chapter 2, show the heat and moisture given off by human 
beings under various conditions of activity. For average conditions where 
a person is normally at rest, as in a theater, or doing very light work, as in 
a restaurant or residence, the total amount of heat given off will average 
about 400 Btu per hour. Part of this is latent heat due to the evaporation 
of 700 to 1200 grains of moisture per hour. Examples illustrating heat and 
moisture loss calculations for human beings are given in Chapter 2. 


Table 5. Heat Gain Due to Various Devices, Btu per Hour 


Lights and electric appliances 

Motors, Ho hp 

Motors, 1 hp 

Restaurant coffee urns, 10-gal capacity.... 

Dish warmers per 10 sq ft of shelf 

Restaurant range — 4 burners and oven.... 
Residence gas range 

Giant burner 

Medium burner 

Oven. 

Pilot...__ 

Electric Range- 

Small burner, 100 to 1350 watts...„ 

Large burner, 1700 to 2200 watts 

Oven, 2000 to 3000 watts 

Appliance connection, 660 watts 

Warming compartment, 300 watts 


3,415 per kilowatt 
255 
2,546 
16,000 
6,000 
100,000 

12,000 

9.000 

1.000 per cu ft of space 
250 

3,415 to 4,600 
5,800 to 7,500 
6,830 to 10,245 
2,250 
1,025 


All sources of heat must of course be considered in designing the con- 
ditioning system. The heat gain due to various devices is given in 
Table 5. An example of cooling load calculation is given in Chapter 9. 

PROBLEMS IN PRACTICE 

1 • a. What should be the dry- and wet-bulh temperatures in a restaurant 
when the outdoor dry-bulb temperature is 95 F? 

b. What is the most desirable indoor dry -bulb temperature and relative 
humidity in an oflSce building in summer? 

a. Dry-bulb, 80 F ; wet-bulb, 65 F. (Table 2, Chapter 2.) 
h. 76.5 F and 50 per cent relative humidity. (Fig. 3, Chapter 2.) 
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2 # The outdoor and indoor temperatures are 90 F and 78 F, respectively. 
What is the amount of heat transmitted per hour through a 7 ft by 4 ft north 
window? 

ATt = 28 X 1.13 (90— 78) = 380 Btu per hour. 

(Equation 1, Chapter 8 and Table 12, Chapter 5.) 

3 • What are the proper design temperatures for a Detroit store? 

Outdoor dry-bulb, 88 F; wet-bulb, 72 F. (Table 1, Chapter 8.) 

Indoor dry-bulb, 77,5 F; wet-bulb, 64.5 F. (Table 2, Chapter 2.) 

4 • a. What is the maximum heat transmission for a flat roof exposed to the 
sun with the outdoor and indoor temperature 95 F and 80 F, respectively? The 
roof is of uninsulated 6-in. concrete, with its underside exposed, and with a 
black upper surface. 

b. If the temperatures specified were the maximum for the day and occured 
at 12 o’clock, at what time would the maximum cooling load due to the roof 
exist? 

a. Ht = I X 0.64 (95 + 45 — 80) — 38.4 Btu per hour per square foot. 

(Equation 1 and Table 2, Chapter 8, and Table 11, Chapter 5.) 

b. At 3 p.m. (Table 3.) 

5 # For south windows equipped with canvas awnings, what is the maximum 
amount of heat delivered to a room when the outdoor temperatnure is 90 F and 
the indoor temperature is 78 F? 

115 X 0.28 = 32.2 Btu per square foot of glass (Fig. 1 and Table 4; note that glass 
transmission can be neglected). 

6 • What is the heat gain per cubic foot of outside air introduced, under the 
following conditions : 

Outdoor temperatures, 90 F dry-bulb and 75 F wet-bulb. 

Inside temperatures, 78 F dry-bulb and 65 F wet -bulb. 

Hi = Qdo (@o — 0). Equation 2. 

The relative humidity of the outdoor air is 50 per cent (Fig. 3, Chapter 2), and do = 
= 0.0703 (Table 5, Chapter 1). 

© = 37.81 and 0 = 29.65 (Table 5, Chapter 1). The total heat of any air- vapor mix- 
ture may be obtained from the last column in Table 5, Chapter 1, by considering the 
temperatures to be wet-bulb readings, since the total heat of a mixture is constant for a 
given wet-bulb temperature. 

Hi = 1 X 0.0703 (37.81 - 29.65) = 0.57 Btu per cu ft. 

7 • If there are twenty 200 -watt lights in use in a room, what is the cooling 
load due to lights? 

200 X 20 = 4000 watts = 4 kw. 

3415 X 4 = 13,660 Btu per hour (Table 5, Chapter 8). 

8 • a. When a restaurant has two 10-gal coffee urns, what is the cooling load 
due to them? 

b. What is the cooling load due to four 1350 -watt burners on an electric 
range? 

a. 16,000 X 2 — 32,000 Btu per hour (Table 5, Chapter 8). 

b. 4600 X 4 = 18,400 Btu per hour (Table 5, Chapter 8). 
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CENTRAL AIR CONDITIONING 
SYSTEMS 


Types of Systems, Dehumidifiers, Designing the System, Zoning, 
Location of Apparatus, Temperature of the Air Leaving Outlets, 

Air Quantity Required, JSeat to he Removed by Cooling and 
Dehumidifying Apparatus, Size of Reheaters, Surface Cooling 
Problems, Auxiliary Equipment 

C ENTRAL systems, equipped for cooling and dehumidifying, are used 
principally in the air conditioning of theaters, restaurants, office 
buildings, or other places where many people gather, and in manufacturing 
establishments where air conditions have an important influence on the 
quality of product or rate of production. A central cooling and de- 
humidifying plant is one in which the fans, dehumidifiers, and other 
related apparatus are assembled in suitable apparatus rooms from which 
distribution and return ducts lead to the conditioned spaces. The design 
of such systems is considered in this chapter, while in Chapter 22 central 
systems for heating and humidifying are described. Industrial air con- 
ditioning has been considered in Chapter 3. 

TYPES OF SYSTEMS 

Dehumidification or cooling of air may be accomplished by several 
methods and by use of many heat transfer mediums. Most comfort- 
conditioning, central station, air-conditioning systems employ cold water 
or the direct expansion of a refrigerant in either spray type or surface 
type equipment to accomplish the required cooling and dehumidification. 
Among the several other methods that may be employed are : passing the 
air through or over a dehydrating agent and then lowering the dry-bulb 
temperature to the proper level, and evaporative cooling. The former 
method is applicable to comfort conditioning only where reasonably cold 
water is available for reducing the dry-bulb temperature after dehydra- 
tion, while the latter method is applicable to comfort conditioning only in 
regions where the summer wet-bulb temperature is low. 

If the system is intended solely for summer conditioning, the apparatus 
will consist essentially of a dehumidifier of the surface type or spray type; 
filters; fan and motor; reheater; outside air, return air, and supply air duct 
work; air outlets and grilles; spray pump for spray dehumidifier; refrigera- 
tion equipment; and suitable controls. Generally, however, a central 
station air conditioning system is designed for year-round service. This 
means that properly sized heaters and humidifiers, with their respective 
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controls, must be added. With few exceptions, systems designed to meet 
summer capacity requirements will have ample capacity for winter and 
intermediate season conditioning. 

A common arrangement of a central station spray type system for 
cooling and dehumidifying is illustrated in Fig. 1. The plant may be 
designed to condition 100 per cent outside air, 100 per cent return air, or a 
mixture of outside and return air. Further, part of the air returned from 
the conditioned space may be by-passed^ around the conditioner as 
illustrated in Fig. 2. The reheater may be installed in the fan inlet 
chamber as shown, in the by-pass air duct, or in the fan discharge duct, 
depending upon apparatus space and other design conditions. Still 
another arrangement of equipment will result if the dehumidified air fan 
delivers the conditioned air to several other fans rather than to the con- 



Fig. 1. Spray Type Air Conditioning Apparatus 

ditioned space directly. These booster fan equipments may use part by- 
pass air as illustrated in Fig. 3 or 100 per cent dehumidified air and 
reheaters. The main apparatus, in either case, may or may not have a 
by-pass connection, depending on load conditions and other design factors. 

The systems illustrated in Figs. 1 and 2 may be converted into the 
surface cooling type by merely replacing the dehumidifiers with surface 
cooling coils which use cold water or direct expansion of refrigerant to 
accomplish the required cooling and dehumidifying. The coils may also 
be installed within the spray chamber, either in series with the sprays 
or below them. 


DEHUMIDIFIERS 

Information on spray type dehumidifiers is given in Chapter 11. 

Surface cooling type dehumidifiers generally consist of extended-surface 
coils within which the water or refrigerant is circulated or the refrigerant 
is expanded. The air to be cooled and dehumidified is drawn or blown 
over the coils. This system is generally comparatively low in initial cost 
and has low operating costs. For comfort cooling, water is usually used to 


^Patents exist covering the use of the by-pass for cooling and dehumidifying systems. 
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bring the refrigeration effect to the coils. Many localities have refrigera- 
tion codes which restrict the use, in comfort conditioning applications, of 
refrigerants acting by direct expansion in coils exposed to the air stream. 
Therefore, local codes should be consulted by the designer before he plans 
a system employing direct-expansion methods. Close humidity control 
cannot be maintained during the cooling season by the surface cooling 
type of equipment. Winter humidification may be accomplished by use 
of evaporating pans or spray nozzles. The cooling coils serve no purpose 
during the intermediate or heating seasons, so in this respect the spray 
type equipment is often preferred, in that during certain seasons evapora- 
tive cooling will be sufficient to produce the cooling desired. Effective 
cooling and dehumidification accomplished by surface units are dependent 
upon many variable factors. The air velocity through the unit, air 



Fig. 2. Spray Type Air Conditioning Apparatus with By-Pass 


temperature, moisture content of the air, water or refrigerant tempera- 
ture, and velocity of the water or refrigerant through the tubes must be 
considered in selecting the proper unit for a given design load. If any of 
these factors vary without a corresponding variation of the other factors, 
the effective work of the coil will increase or decrease, as the case may be. 

DESIGNING THE SYSTEM 

The general procedure for the design of a central cooling and de- 
humidifying system is as follows : 

1. Calculate the heat gain for each room or space to be conditioned. (See Chapters 
5 and 8.) 

2. Determine the volume of outside air to be introduced. (See Chapter 2.) 

3. Assume or calculate the temperature of air leaving the supply outlets. 

4. Calculate the quantity of air to be circulated. 

5. Estimate the temperature loss in the duct system. 

6. Calculate the heat to be removed by the cooling and dehumidifying apparatus. 

7. Calculate the size of the reheating equipment. 

8. Select cooling equipment and heating equipment from manufacturers’ data and 
performance curves. 

9. Calculate total tonnage. 
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10. Design the air distribution system and the air outlets and inlets. (See Chapters 
19 and 20.) 

11. Calculate the total static pressure of the system. 

12. Select the fan, motor, and drive. (See Chapter 17.) 

13. Select the pump and motor. 

14. Design the control system. (See Chapter 14.) 

ZONING 

The above general outline of procedure will prove satisfactory for the 
smaller and less complex installations. However, when dealing with air- 
conditioning systems for large buildings, after a proper analysis has been 
made of the conditions to be maintained and the heat loads encountered, 
it is generally considered best practice to divide the complete job into a 


Motor 



Fig. 3. Central Dehumidifying Plant and Local Recirculating Fans 

number of suitably sized units. In some cases a unit per floor or group of 
floors may complete the design satisfactorily, whereas in others it may be 
advantageous to have separate units for each of the various outside 
exposures of the building. Where the floor area is large in relation to the 
outside wall exposure, it is obvious that provision must be made for the 
variable load to which the outside exposures are subjected. The heat 
loads on inside rooms are apt to be less variable since the fluctuations of 
the outside weather conditions are not directly involved. Such conditions 
often result in the natural zoning or segregation of rooms having similar 
exposures and internal heat loads. 

LOCATION OF APPARATUS 

Availability of space for apparatus and duct work is of primary im- 
portance when selecting the type of system for a given design. In general, 
for large installations, the refrigeration equipment, because of its size, 

158 



Chapter 9 — Central Air Conditioning Systems 


weight, and operating characteristics, is located in the basement along 
with the boilers, fire pumps, and other equipment. The air conditioning 
apparatus is generally located where clean outdoor air is readily available, 
the designer bearing in mind that supply and return air ducts, steam con- 
nections, water and drain connections, and electrical connections must be 
made to the equipment proper. 


TEMPERATURE OF AIR LEAVING OUTLETS 

In comfort conditioning applications, air has been distributed from 
properly designed outlets without producing drafts at temperatures 
varying from approximately five to thirty degrees below the required 
room temperature. Factors influencing the design and selection of air 
outlets are : ceiling height, type of ceiling, length of blow, and temperature 
and quantity of air to be distributed. Most summer conditioning instal- 
lations are designed to supply the air to the conditioned space at from 
8 to 15 deg below room temperature. Recently the use of specially 
designed nozzles has indicated the possibility of reducing the air quantity 
necessary to dissipate a given heat load by introducing the air into the 
room as much as thirty degrees below room temperature. Comfort con- 
ditioning systems employing differentials greater than fifteen degrees 
require special consideration and design experience because high pressure 
outlets or nozzles are usually used. Further, care must be taken to allow 
a sufficient air quantity under all load conditions to insure good distri^ 
bution. If winter heating, as well as summer conditioning, is to be accom- 
plished by the same distributing system, the design of the outlets will be 
influenced as discussed in Chapter 22. Industrial systems in which drafts 
are not objectionable usually employ a temperature differential equal to 
the dew-point depression. 


AIR QUANTITY REQUIRED 

For calculating the quantity of air required to absorb a given heat gain, 
the following approximate formulae may be used : . 


^ 60 X 0.24 X (t-ty) 

or, assuming a constant value of 0.075 lb for d, 


=dQ 


( 1 ) 


HsX 55.2 
^ 60 X (^ - ty) 

where 


( 2 ) 


Q — volume of air required, cubic feet per minute. 

Hs = total sensible heat gain, Btu per hour. 

/ = room temperature, deg^rees Fahrenheit. 
ty == outlet temperature, degrees Fahrenheit. 

M = weight of air required, pounds per minute. 

d = density of air at the temperature and relative humidity of the. room, pounds per 
cubic foot. 


Example 1, The total sensible heat gain in a restaurant when held at 80 F is 190,736 
Btu per hour. Assuming a 12 deg Fahr temperature differential between the entering 
air and the room temperatures, which is the same as assuming the dry-bulb temperature 
of the entering air to be 68 F, calculate the required air capacity of the system. 
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Solution. 


Q = ^ ^ minute. 

oU X 1^ 

If a system similar to the one shown in Fig. 1 is used, 1146 Ib per minute will be the 
capacity of the dehumidifier as well as of the fan equipment. 

Example 2. If in addition to the 199,736 Btu per hour sensible heat load, the con- 
ditioned space has a moisture gain of 384,000 grains per hour, calculate the apparatus 
dew point required to give maintained conditions of SO F dry-bulb and 65 F wet -bulb, 
with a corresponding 56J4 F dew point. 

Solution. With 384,000 grains of moisture per hour to be picked up, the entering dew- 
point temperature should be low enough so that the addition of this moisture will not 
increase the dew point above 563^ F. 


Grains per pound of air saturated at 56 H E 
(Table 5, Chapter 1) 

Less: Grains per pound to be picked up, 


68.1 

384,000 
1146 X 60’ 


Grains per pound allowable in entering air 62.5 

This corresponds to an apparatus dew-point temperature of 54.17 F. 

Example S. Illustration of the by-pass system. (See Fig. 2.) 

Assume the same data as for Example 2. Instead of passing all of the air through the 
dehumidifier for cooling and dehumidifying, a portion may be passed through and the 
balance be mixed with the conditioned air at the leaving end of the dehumidifier, the 
mixture being proportioned so that the resultant conditions will be those required to 
give proper conditions in the area considered. 

Solution. The quantity of air to be dehumidified, the quantity to be by-passed, and 
the apparatus dew-point temperature may be calculated as follows: 

Lei 

X = percentage of air to be by-passed. 

Y = percentage of air to be passed through the dehumidifier. 

/tj ~ apparatus dew-point temperature, degrees Fahrenheit. 

The quantity X of 80-F air must mix with the quantity Y of dehumidified air to 
produce air with a resultant 65 F wet-bulb temperature. Also, X quantity of air at 
56M E dew point must be mixed with Y quantity of dehumidified air to give a resultant 
apparatus dew-point temperature of 54.17 F. It is assumed that the air passing through 
the dehumidifier is saturated. 


Solving simultaneous equations, 

80.0X -I- FM = 68.00 (3) 

56.5J^ 4- Ytd = 54.17 

23.5X + 0 = 13.83 

^ 13.83 X 100 ■ u A 

X — = 59 per cent, air by-passed. 

26.0 

Y ■= 100 — X =41 per cent, air passed through washer. 


The second step is to determine the apparatus dew-point temperature. Substitute X 
in either Equation 3 or Equation 4, and solve for /d : 

80 X 0.59 + /d X 0.41 = 68 

go A>J 

— = 51.2 F, the apparatus dew point. 
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HEAT TO BE REMOVED BY COOLING AND DEHUMIDIFYING 

APPARATUS 

Example 4- Assume the same data as for Example 3. If the amount of outside air, at 
95 F dr\’-bulb and 75 F wet-bulb, required for ventilation has been found to be 169 Ib 
per minute, determine the refrigeration capacity required. 

Solution. As the total w^eight of the air introduced per minute is 1146 lb, and 41 per 
cent of it goes through the dehumidifier, the total work to be done may be computed 


as follows; 

Air passing through humidifier, 1146 X 0.41 - 470 lb 

Less: Outside air for ventilation.... 169 lb 

Return air 301 lb 

The refrigeration required for the return air is: 

Total heat per pound at 65 F 29.65 Btu 

Less: Total heat per pound at 51.2 F 20.85 Btu 

Requirement for cooling 1 lb of return air 8.80 Btu 

301 lb X 8.80 Btu = 2649 Btu per minute required to cool the 
return air. 

The refrigeration required for the outside air is: 

Total heat per pound of outside air 37.81 Btu 

Less: Total heat per pound at 51.2 F 20.85 Btu 

Requirement to cool 1 lb of outside air 16.96 Btu 

169 lb X 16.96 Btu = 2866 Btu per minute required to cool the 
outside air. 

Thus, the total refrigeration required is: 

2649 Btu + 2866 Btu = 5515 Btu per minute, which is equivalent 
to a load of 27.6 tons of refrigeration. 


SIZE OF REHEATERS 

A properly designed air-conditioning system will have reheaters of 
sufficient capacity to heat the conditioned air from the apparatus dew- 
point temperature to the outlet delivery temperature. If winter heating 
is to be accomplished, consult Chapter 22. 

The following general formula may be used to determine the amount of 
heat necessary to reheat a given quantity of air: 

H\ = 0.24 {ty - /d) M (5) 

where 

H\ = heat to be supplied to reheater coil, Btu per hour. 

Example 5. Assume the same data as for Example 1, and find the amount of reheating 
required. 

Solution, 

H\ = 0.24 (68 - 54.17) 1146 X 60 = 228,200 Btu per hour. 

SURFACE COOLING PROBLEM 

The amount of coil surface required for a given amount of work is 
dependent upon factors previously listed. Obviously, the various types of 
surfaces made available by different manufacturers will have different 
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transmission values. It is recommended that the designer consult the 
latest manufacturers’ catalogs because more accurate ratings are being 
issued from time to time. 


Air out 

60 F dry-bulb 


c 



) 

c 



Water in 
50 F 


Water out 
50 "f + 30F = 80 F 


Air m 

95 F dry- bulb 
78 F wet -bulb 


Fig. 4. Counter-Flow Surface Cooling Diagram 


Example 6. It is desired to cool and dehumidify 30,000 cfm of air at 95 F dry-bulb, 
78 F wet-bulb, and 72 F dew point, to a 60 F dew point. Cooling water is available at 
50 F in a quantity which will allow a 30 F rise in temperature to be used. The counter- 
flow surface cooling used is sketched in Fig. 4. 

Solution. The pounds of partially saturated air cooled and dehumidified per hour 
equal 60 times the cubic feet of air at 95 F dry-bulb and 78 F wet-bulb brought past the 
coil surface per minute, multiplied by the pounds per cubic foot of the air as determined 
from Table 3, Chapter 1. 

30,000 X 60 X 0.0708 = 127,440 lb per hour. . 

The total heat Ht to be removed per hour by the surface coil is found to be equal to 
the pounds of partially saturated air passed over the coil per hour times the difference 
between the total heat of air at 78 F wet-bulb and at 60 F wet-bulb. 

Ht = 127,440 (40.64 - 26.18) = 1,842,000 Btu per hour. 


The latent heat H\ to be removed per hour will be found by multiplying the pounds of 
partially saturated air passed over the coils per hour by the difference in the latent heat 
of the air per pound at the initial and final dew points. 

H\ = 127,440 (17.79 - 11.69) = 777,000 Btu per hour. 


The. sensible heat to be removed per hour is equal to the total heat of the air less 
its latent heat. 

Hs = Ht - Hi 1,842,000 - 777,000 = 1,065,000 Btu per hour. 

Manufacturers’ standard ratings for surface coolers are usually based 
on the cubic feet of air passed through their equipment per minute, 
reduced to the conditions of saturated air measured at a temperature of 
70 F. In the present example, to convert the 127,440 lb of air cooled per 
hour to a basis which will permit the use of such standard ratings, it is 
necessary to multiply the pounds of air cooled per hour by the specific 
volume of the air, and to divide by 60. 


127,440 X 13.69 
60 


29,100 cfm of 70 F saturated air. 


The amount of cooling water necessary when a 30 degree rise in its 
temperature is to be used is: 

1,842,000 
30. X 8.34 X 60 
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With counter flow of air and water, it is necessary to determine the 
mean temperature difference between the air and the water in order to 
properly use the transmission coefficients given in apparatus rating tables. 


Mean temperature difference 


Z?i — Z?2 


loge 


A 


(6) 


where 


Di = the difference between the temperatures of inlet air and outlet water, degrees 
Fahrenheit. 

Di = the difference between the temperatures of outlet air and inlet water, degrees 
Fahrenheit. 


(95 - 80) - (60 - 50) 


loge 


(95 - 80) 
(60 - 50) 


12.33 F. 


If from apparatus rating tables based on air velocities over the coils and 
water velocities through the coils, it has been found that the transmission 
coefficient is equal to 8.0 Btu per square foot per degree difference in 
mean temperature between the air and the water, the area of cooling coil 
surface necessary will be equal to the sensible heat divided by the trans- 
mission coefficient and also by the mean temperature difference. 


1,065,000 
8.0 X 12.33 


10,800 square feet of cooling coil surface necessary. 


The latent heat is taken out at the same time the sensible heat is 
extracted, but no extra surface is required unless the latent heat exceeds 
approximately 40 per cent of the total heat. This is because the wetted 
surface has a much higher coefficient of transmission. Approximately 
10 per cent more surface should be added if the latent heat exceeds 40 per 
cent of the total heat. 


AUXILIARY EQUIPMENT 

Consult Chapters 14, 17, 19, 20, and 22 for information on the air 
distribution system; air outlets and inlets; static pressure on fan; fan 
motor, and drive; and the control system. 


PROBLEMS IN PRACTICE 

1 • In summer air conditioning what factors control the difference between 
the dry-huff^ temperature of the conditioned space and the dry-bulb tem- 
perature of the entering air? 

1. The duct and supply ^ille arrangement permitted by architectural and structural 
requirements for the particular space, e,g.^ ceiling height and obstructions on ceilings, 
such as beams. 

2. The state of activity of the occupants. 

3. The outlet velocity at the grille, as limited by noise level requirements. 

4. The direction of the jet relative to the occupants. 

5. In some cases, the temperature of the available water supply, which may have some 
bearing on the air delivery temperature. 

2 • What factors determine the volume of conditioned air which must he 
delivered to the space? 

The sensible heat to be removed, and the allowable temperature differential. 
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3 • What factors determine the dew point of the air entering the space? 

The maximum dew point desired in the conditioned space, and the moisture gain in the 
space per unit weight of air supplied. 

4 • Why must the air leaving a dehumidifying type air washer be reheated 
before delivery? 

The air leaves the dehumidifying air washer saturated at a relatively low temperature 
which in most cases is lower than the allowable delivery dry-bulb temperature. Also, 
the air may possibly be carrying a small amount of entrained water which might settle 
out in the ducts near the washer and cause corrosion difficulties. 

5 ♦ What methods are used for reheating air? 

1. Passing it over reheating coils. 

2. Mixing it with by-passed air at a higher temperature. 

6 • What determines the final temperature of the spray w ater in a dehumidifier? 

Because of the effectiveness of the heat transfer between air and finely divided spray 
water in a well designed dehumidifier, the air will be cooled to within 1 or 2 F of the final 
water temperature, provided the air velocity through the washer does not exceed 600 fpm. 
This final temperature should then be taken as 1 or 2 F lower than the required dew 
point of the air leaving the washer. 

7 • What are the advantages of using counter flow of air and water in surface 
coolers? 

Counter flow results in a higher mean temperature difference than does parallel flow for 
the same range of air and water temperatures, which means that less cooling surface is 
required. Counter flow permits higher initial water temperatures and also allows a 
greater temperature rise for the water. These factors combine to reduce the cost of 
circulating and refrigerating the cooling water. 

8 # What factors other than cost should be considered in determining whether 
to use a central system or another type? 

a. Appearance: The equipment must be designed to harmonize with the architecture 
of the building. 

h. Distribution: The system must maintain adequate and uniform air motion over the 
entire conditioned space. 

c. Control: The control system must be designed to give effective partial load operation. 

9 • Can the central cooling and dehumidifying system be used as an all-year- 
round conditioner? 

By modifying the control system and adding blast coils or a water heater to the spray 
type system, the cooling system will function as one for heating and humidifying. The 
surface cooling type may be transformed by modifying the control, and adding another 
set of coils and a humidifier. 

10 • Will the tons of refrigeration-elffect per day be the value calculated in 
Example 4 of this chapter times the hours of operation? 

No. The tons of refrigeration-effect are functions of the load. The components of the 
load vary, that is, the number of people occupying the space, the outdoor conditions, and 
the solar radiation will change from hour to hour and from day to day. The calculated 
load represents the maximum required for design peak conditions. 

11 • Will the qpiantity of return air required in Example 4 of this chapter be 
used all season? 

No. When the outdoor wet-bulb temperature becomes lower than the maintained wet- 
bulb temperature, it is more economical to use all outside air than to dehumidify the 
return air. 
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COOLING METHODS 


Methods of Cooling Air, Evaporative Cooling, Dehumidijication, 

Silica Gel System, Alumina System, Design of System, Operating 
Methods, Steam Jet System, Compressors, Refrigerants, Methods 
of Cooling, Condensers 

B y using any of the following four methods, or any combination of 
them, effective temperature (see Chapter 2) may be reduced. 

a. Sensible cooling: Lowering of the dry-bulb temperature by the removal of sensible 
heat without change of the dew-point temperature. 

b. Dehumidifying: Lowering of the dew-point temperature by the removal of mois- 
ture without change of the dry^-bulb temperature. 

c. Evaporative cooling: Lowering of the dry-bulb temperature through the evapor- 
ation of moisture without the addition or the subtraction of heat. 

d. Air motion: Increasing the air motion over the body with the resulting higher 
evaporation from the skin. 

As an example, let the condition be considered of 92 F dry-bulb, with a 
40 per cent relative humidity, corresponding to a wet-bulb temperature of 
72.8 F, and an effective temperature for still air of 81.1 F. This effective 
temperature may be reduced 3.1 F by any of the four basic methods 
mentioned, as follows : 

First, by lowering the dry-bulb temperature to 85.5 F without changing the dew-point 
of 64.2 ; this gives an effective temperature of 78 F. 

Second, by reducing the moisture content of the air to 46 grains per pound of dry air 
without changing the dry-bulb temperature; this gives an effective temperature of 78 F. 

Third, by reducing the dry-bulb temperature to 83.8 F without changing the total 
heat of the air. This requires the evaporation of 14 grains of moisture per pound of dry 
air, and the effective temperature will become 78 F. 

Fourth, by increasing the air movement from still air to 460 fpm, a velocity which will 
reduce the effective temperature 3.1 F from 81.1 F to 78 F. 

Method to Employ 

The best method of reducing the effective temperature in any specific 
case will depend on the accompanying circumstances and can be deter- 
mined only by a thorough analysis made by a competent engineer. 
Generally speaking, the removal from the air of the sensible heat, or 
moisture, or both, by sensible cooling or dehumidifying is the most 
satisfactory method. Adequate results by the utilization of air motion or 
by evaporative cooling are difficult to obtain because of the dependence 
of both methods upon climatic conditions beyond the engineers’ control 
although these methods are much less expensive than the first two 
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mentioned. Cooling by evaporation is satisfactory only when the air to 
be cooled is very dry ; air motion as a means of producing cooling effect is 
never entirely adequate in the range of high temperatures. Of the two, 
evaporative cooling, or adiabatic saturation of the air, is a much more 
dependable method which will make more reduction in the effective 
temperature than will an increasing air motion within permissible limits. 

As an example of this, consider an outdoor condition of 96 F dry-bulb 
and 80 F wet-bulb. The effective temperature is 85.7 F and, if the still 
air is moved with a velocity of 300 fpm, the effective temperature will be 
reduced only 2.0 F while saturation at the wet-bulb temperature would 
reduce the effective temperature 5.7 F. At 300 fpm velocity this satu- 
rated air would reduce the effective temperature to 75.6 F, thus making a 
total improvement of 10.1 F. 

Evaporative Cooling 

Evaporative cooling is accomplished by passing air through a water 
spray in which the water is being continually recirculated. The air, 
entering in an unsaturated condition, evaporates a part of the water at the 
expense of the sensible heat. As this is an adiabatic transfer, the total 
heat content of the air remains constant, while the dew point rises and the 
dry-bulb falls until the air is saturated. A system^ of ducts and a propel- 
ling fan are used to distribute the air in a proper manner. 

It will be seen that the- reduction in dry-bulb temperature is a direct 
function of the wet-bulb depression of the air entering the dehumidifier 
and that the resulting air temperature is governed entirely by the entering 
wet-bulb temperature of the outside air. 

Dehumidification 

Dehumidification may be accomplished in three ways: 

1. By cooling the air below the dew point and causing a part of the moisture contained 
to precipitate. 

2. By extracting all or part of the moisture by absorption. 

3. By extracting all or part of the moisture by adsorption. , 

As used in this discussion, the term adsorption pertains to the action of 
a substance in condensing a gas or vapor and holding the condensate on 
its surface without any change in the chemical or physical structure of the 
substance and with the release of sensible heat. The term, absorption, 
implies a change in the chemical or physical structure of a substance in the 
process of dehydrating air. Adsorbers include silica gel and lamisilite; 
absorbers include sulphuric acid. 

Dehumidification by Refrigeration 

Air conditioning imposes requirements on refrigeration equipment not 
usually found in general cooling work, so that specially designed apparatus 
is often needed to replace that normally used for industrial cooling. 
Standard equipment can be adapted to meet air conditioning^ require- 
ments but extreme care must be taken to determine the limits of its 
applicability. 

iSee Air Washer Perforroance in Chapter 11; also Theory of Atmospheric Cooling in same chapter- 
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In industrial or process cooling systems the load is fairly constant, noise 
in operation is not of paramount importance, space is available or re- 
latively cheap, condenser water is not a source of worry, and the cooling 
system is to a great extent separate and independent of other mechanical 
equipment. By contrast, air conditioning, especially as used for space 
cooling and comfort work in office buildings, theaters, and places where 
people gather requires special consideration of all these factors. Space in 
public buildings is limited and condenser water is expensive. Noise 
interferes with the occupants, and the cooling equipment must dovetail 
with the other air-handling apparatus. Most important, the load fluctu- 
ates tremendously and is seasonal. 


Heat of Compression 
Added to Gas 



A complete discussion of the thermodynamic problems of refrigeration 
is given in the Refrigerating Data Book^, 1934, so only a brief description 
of the cycle will be given here before the problems peculiar to air con- 
ditioning are considered. 

The refrigeration system consists of three main parts, the evaporator, 
the condenser, and the compressor. Fig. 1 shows a diagram of the cycle. 
Heat is absorbed in the evaporator and released in the condenser. The 
compressor changes the level of the heat by taking it from a lower to a 
higher plane. There are also many valves, accessories, and special devices 
necessary for proper operation, which vary somewhat with different types 
of cooling systems and diflFerent refrigerants. 

In. a simple illustrative cycle of a refrigeration system, the liquid 
refrigerant under high pressure has both its pressure and temperature 
reduced by being expanded through a suitable valve into an evaporator or 
cooler. Within the evaporator the low temperature of the refrigerant 
allows it to absorb heat from the substance to be cooled, which surrounds 
the eyaporator. This absorption of heat increases the pressure of the 
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refrigerant, and a compressor is employed to withdraw enough low- 
pressure saturated gas to keep the cooling action of the evaporator con- 
tinuous. The withdrawn gas is discharged from the compressor to the 
condenser in the form of a high-pressure superheated gas which includes 
the heat added through its compression. In the condenser, because heat 
is taken from the gaseous refrigerant by the condensing medium, usually 
water, the refrigerant again becomes the high-pressure saturated liquid 
with which the cycle started. 

The cooling water, which may come from a deep well or from a city 
main, may be utilized for some purpose after it has been warmed a few 
degrees in the condenser, or after use it may be exposed to the atmosphere 



Fig. 2. Silica Gel Air-Conditioning System — Single Stage Adsorption 


in a spray pond or cooling tower and have its temperature reduced to a 
point where the water may be used again. (See Chapter 11.) 

Silica Gel System 

Silica gel is a chemical composition made from sodium silicate and acid, 
the chemical formula being Si02. It has an appearance greatly resembling 
that of clear quartz sand but it differs in structure in that the crystals 
are highly porous, with voids constituting 41 per cent by volume although 
the pores are microscopic in size. This material possesses the proj^rty of 
being able to adsorb a substantial portion (about 25 per cent of its own 
weight) of moisture from the air without any increase in its volume. 
After the silica gel has become ''saturated’' or has adsorbed moisture to 
the limit of its capacity, the moisture may be driven from it by the 
application of heat, again without change in the structure, volume, or 
chemical composition of the silica gel. This cycle may be repeated in- 
definitely. When applied to air conditioning the silica gel which is 
exposed to the air reduces the moisture content in the air and releases 
sensible heat which may be readily removed from the air. A typical 
diagram is shown in Fig. 2. 
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Practical Application of Silica Gel 

Silica gel has two applications when used to replace refrigeration. In 
the one principally used, the air from which moisture is to be extracted is 
taken through silica gel beds by suction or pressure fans, and by means of 
this process the moisture becomes adsorbed by the silica gel and the air 
leaves at a lower dew point and a higher sensible temperature than those 
at which it entered. If this air is passed over surface coolers in which tap 
water or another cooling medium is flowing through tubes, a certain 
amount of sensible heat will be removed. The air leaves the surface cooler 
or interchanger with the same dew point with which it emerged from the 
silica gel beds, but with a lower dry-bulb temperature, although the dry- 
bulb temperature may be higher than the temperature of the air entering 
the silica gel beds. 

In another method, the first two of the steps outlined are duplicated, 
and in addition the air is carried through a spray type washer. Because 
the air enters the washer with a low wet-bulb, and because adiabatic 
saturation will take place at a temperature close to the entering wet-bulb, 
considerable cooling of the air can be accomplished ; but this can be done 
only with a consequent increase of the dew point. 

It is necessary to reactivate the silica gel after it has adsorbed about 
25 per cent of its own weight in the form of moisture. As reactivation 
requires a high temperature and since silica gel is only active at low tem- 
peratures, cooling of the beds must also be completed before they can be 
used again. This necessitates three stages in the silica gel containers and 
requires either three beds of silica gel or one bed divided and automatically 
put in position. The reactivation is usually done by means of gas or oil 
fires and the cooling of the beds by means of indirect water cooling or by 
means of small quantities of dehydrated air taken from the system beyond 
the interchanger. 

Alumina System of Adsorption 

Activated alumina contains a trifle over 91 per cent of aluminum oxide, 
AI 2 O 21 which material will adsorb nearly 100 per cent of the vapor in the 
air up to about 8 or 10 per cent of the weight of the adsorbing material, 
after which the adsorption falls off gradually as the saturation point is 
approached. The application is quite similar to that employed for silica 
gel; that is, the material is exposed to the air flow and after reaching 
about 75 per cent saturation is reactivated by removing the moisture 
adsorbed by means of applied heat. The actual scheme generally fol- 
lowed in the use of this material for continuous service varies somewhat 
from silica gel inasmuch as the material is placed in three units which are 
used consecutively for the different steps. These steps permit each unit 
to operate as follows : 

a. In series with the preceding unit. 

b. Alone. 

c. In series with the following unit. 

This plan allows for adsorption, reactivation, and cooling, in a manner 
similar to that used with silica gel. 

Taking a single unit, when it is in the a step and operating with the 
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preceding unit, the alumina adsorbs approximately 25 per cent of the 
moisture in the air and takes up about 1.3 per cent of its weight of water. 
During the second step when it is operating alone, it takes up 100 per cent 
of the moisture in the air until the weight of the water adsorbed is brought 
up to about 6.7 per cent. During the third step when the unit is operating 
with the succeeding unit, it extracts about 75 per cent of the moisture in 
the air until the water weight adsorbed comes up to about 10 per cent of 
the weight of the adsorber. The time allowable for reactivating is equal 
to the time occupied by the second unit adsorbing alone, plus the time 
when the second and third units are adsorbing in series, plus the time 
when the third unit is adsorbing alone, at the expiration of which time the 
first unit will be again required. 

The temperature of air used for alumina reactivation is usually between 
300 and 700 F and the air flow rate will have to be higher with the low 
temperature air than it will be with reactivating air of higher temperature. 
For example, air at 400 F for reactivating will, at 10 cu ft per hour per 
pound of alumina, require about 6 hours for reactivation. In the three 
unit system, after reactivation the cooling of the activated alumina may 
be carried out with considerable rapidity by using dry air from the adsorp- 
tion unit for circulation through the unit which has just completed reacti- 
vation. The final temperature of the unit before it goes back into service 
should be not over 200 F. As a basis for computing the amount of cooling 
air required for reactivation, each cubic foot of cooling air has been found 
capable of removing 2.2 Btu when heated from 85 to 200 F and of provid- 
ing a sufficient margin of safety in operation. 

Design of System 

When designing air conditioning systems, the capacity of equipment is 
decided by selecting apparatus of sufficient size to maintain predetermined 
temperatures and humidities in treated spaces when arbitrarily estab- 
lished maximum atmospheric temperatures occur coincident with given 
conditions of population, lighting, and power consumption. These factors 
determine the maximum duty of the cooling system. The duty does not 
necessarily determine the size or capacity of the refrigeration apparatus. 
The refrigerating capacity is expressed in Ions, each ton being equal to the 
absorption of the heat given up by one ton of ice at 32 F melting to water 
at 32 F in 24 hours. This is equivalent to heat absorption at a rate of 
approximately 200 Btu per minute, or 12,000 Btu per hour. 

After the maximum duty is determined, the other factors concerning 
the installation must be investigated. The total heat to be removed by 
the cooling system has many sources, some substantially constant and 
others extremely variable. These sources can be roughly classified as 
follows, the first column indicating the order in amount and the second 
the order in variability : 

1. Fresh air supplied. 1. Fresh air supplied. 

2. Population. 2. Transmission through the structure. 

3. Transmission through the structure. 3. Light and power consumed. 

4. Light and power consumed. 4. Population. 

By combining these two columns, a third grouping is obtained ' as 
follows: 
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1. Fresh air supplied. 3. Population. 

2. Transmission through the structure. 4. Light and power consumed. 

In this last arrangement, the first two items are governed by atmos- 
pheric conditions and they are therefore subject to tremendous fluctu- 
ations in value. As they generally form 40 to 60 per cent of the entire 
maximum load, the duty of the cooling system will be much less than 
maximum most of the time. 

The transmission through the structure is especially influenced by the 
sun. (See Chapter 8.) In many cases, because of the heat flow resistance 
of the structure, the heat from the sun is retarded until it is compensated 
for by a reduced general temperature out-of-doors. 

A survey of Weather Bureau records indicates that maximum tempera- 
tures occur less than 5 per cent of the cooling period and also that the 
duration of peak conditions is never more than three or four hours. 

Two factors control the size of the refrigeration system, the evaporator 
or suction temperature, and the condenser or head temperature. With 
the knowledge that the system will operate most of the time with a load of 
not over 60 per cent of maximum, and that maximum demands will occur 
infrequently and only for short periods, some provision must be made to 
insure economical operation under average conditions. This can be done 
by overloading the machine under extreme demands and basing the design 
on normal or average loads. Flexibility in arrangement can be provided 
in several ways. 

Variations in load change the efficiency of any machine and a refrigera- 
ting system can be costly and inefficient if improperly designed or operated. 
Fortunately, the trouble can be concentrated in the compressor and the 
problem relieved of many complications. It is comparatively easy to 
furnish condensers and evaporators to carry the maximum load so 
arranged that they will function properly at small demands. They affect 
the compressor performance to some extent but most of the compressor 
problems are in the machine itself. 

Variations in load are usually effected by lowering the suction tem- 
perature and pumping a larger volume of gas per ton through a greater 
pressure range. This is possible because the latent heat of the refrigerant 
remains nearly constant throughout the small range used and the specific 
volume varies rapidly with change in pressure. As the compressor must 
remove the refrigerant evaporated, the evaporator temperature fixes the 
displacement required. The objection to such method is that the total 
power consumed remains nearly constant and the power per unit of 
cooling increases rapidly as the total output is reduced. Such operation 
is satisfactory as long as the load is kept within 10 per cent of the rating 
of the compressor but this condition does not commonly occur in air 
conditioning applications. 

Operating Methods 

It is possible to divide the entire refrigeration system into a number of 
small units, which will allow cutting in and out of compressors and con- 
densers as ike load fluctuates. This, however, is an expensive method as 
a number of small units are usually more expensive than one large unit. 
There is a certain amount of duplication of equipment necessary, which 
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tends to increase the initial cost of the system and which makes the fixed 
charges, applicable to the operation of the air conditioning and cooling 
system, greater than necessary. 

A second method of providing for economy of operation is to have 
storage capacity which can be utilized during the peak period. ^ A further 
reference to the Weather Bureau records indicates that maximum con- 
ditions prevail during the day for not more than three hours, and con- 
sequently the refrigerating system can be run for a longer period at 
maximum efficiency with tanks to store cold water or brine for supple- 
menting the actual output of the refrigerating equipment when the load is 
more than the machine will carry. This situation brings complications. 
Storage tanks require space and extra apparatus, which increase the cost 
of the entire system, and further, it is difficult to determine what the size 
of the compressor should be because of the other variables which enter the 
problem. Depending upon the availability of storage space, the com- 
pressor could be designed for any reasonable percentage of the maximum 
load, so the smaller the compressor, the larger the storage space, and 
vice versa. 

A third method is to provide in the compressor itself some means of 
reducing the capacity. This can be done by varying the speed and con- 
sequently the displacement of the compressor, or by varying the dis- 
placement, either by a partial by-pass of the cylinder or by a clearance 
pocket in the head of the cylinder when reciprocating compressors are 
used. It might be assumed that the efficiency would remain practically 
constant. This is not correct, inasmuch as the machine friction remains 
constant with the by-pass or clearance pocket method and this raises the 
pow'er required per ton of refrigeration developed. Also, the volumetric 
efficiency of the machine falls off rather rapidly when the clearance pocket 
or partial by-pass is used. By varying the speed of the compressor, the 
efficiency of the power unit falls off as the speed is reduced, while the 
compressor friction remains constant. Of the two methods, the clearance 
pocket or partial by-pass of the cylinder is probably the more efficient 
for general use. 

Another method of operation is the automatic starting and stopping of 
the refrigerating machine, with the automatic control designed to function 
as the load varies. This, however, is not considered good practice as 
mechanical troubles develop and the life of the system is impaired. If 
the equipment is kept in good condition, however, the machine will 
operate at maximum efficiency so long as it runs. The frequent starting 
and stopping of large compressors is liable to cause the power factor to 
decrease if adequate allowance is not made. 

All of the methods described are used from time to time. 

The methods of varying the output of a refrigeration system which have 
been outlined apply to the reciprocating type of compressor, although 
variations in the speed of the compressor to change the refrigerating 
output are common to all types of mechanical refrigeration. 

There is a further method of controlling the compressor output which is 
particularly adaptable to the centrifugal type of machine. This is accom- 
plished by varying the amount of condensing water used with the fluctu- 
ation in demand load. Because of the characteristics of the centrifugal 
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type of apparatus, as the condensing water quantity is reduced and the 
condensing temperature consequently raised, the discharge pressure of 
the centrifugal machine rises correspondingly and the horsepower input 
to the machine falls off. While this reduces the total power input to the 
machine, it does not necessarily reduce the power input per ton of re- 
frigeration developed, as the power input does not drop with a rising dis- 
charge pressure as fast as the refrigerating effect produced drops. It is a 
method, however, which shows marked economies over the method 
generally used by the operating engineer, which is to lower the suction 
pressure in order to reduce the refrigerating output of the system. 

Steam jet System 

So far the discussion has been confined to reciprocating, centrifugal, and 
rotary compressors. The steam jet type of compressor, under certain 
circumstances, is desirable for use in air conditioning. Fig. 3 shows a 
complete flow diagram of the system. The power used for compressing 


z 
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Fig. 3. Diagram of Steam Jet Refrigeration Unit 


the refrigerant is steam, taken directly from the boiler, thus eliminating 
the mechanical losses of manufacturing electric current. As the compres- 
sion ratio between the evaporator and condenser under normal circum- 
stances is large, the mechanical efficiencies of the equipment are somewhat 
lower than those of the positive mechanical type of compressor ; also the 
condensing water requirements are considerably greater, as both the 
refrigerant and the impelling steam must be condensed. 

The steam jet system functions on the principle that water under high 
vacuum will vaporize at low temperatures, and steam ejectors of the type 
commonly used in power plants for various processes will produce the 
necessary low absolute pressure to cause evaporation of the water. 

Fig. 3 shows a typical water cooling application. The water to be 
cooled enters the evaporator and is cooled to a temperature corresponding 
to the vacuum maintained. Because of the high vacuum, a small amount 
of the water introduced in the evaporator is flashed into steam, and as 
this requires heat and the only source of heat is the rest of the water in 
the evaporator tank, this other water is almost instantly cooled to a 
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temperature corresponding to the boiling point, determined by the 
vacuum maintained. The amount of water flashed into steam is a small 
percentage of the total water circulated through the evaporator, amount- 
ing to approximately 11 lb per hour per ton of refrigeration developed. 
The remainder of the water at the desired low temperature is pumped out 
of the evaporator and used at the point where it is required. 

The ejector compresses the vapor which has been flashed into the 
evaporator, plus any entrained air taken out of the water circulated, to a 
somewhat higher absolute pressure, and the vapor and air mix with the 
impelling steam on the discharge side of the jet. The total mixture of 
entrained air, evaporated water, and impelling steam is discharged into a 
surface condenser at a pressure which permits the available condensing 
medium to condense it. The resulting condensate is removed from the 
condenser by a small pump, from which it can be discharged to the sewer 
or returned to the system in the form of make-up water, or part of it may 
be returned to the boiler feed pump. 

As the normal temperature of water required for air conditioning 
purposes is between 40 F and 50 F, with an average temperature of 
approximately 45 F, this type of water cooling is particularly desirable, 
as the efficiencies and operating costs compare very favorably with other 
types of refrigerating equipment, especially in view of the fact that the 
cooling apparatus is, as a general rule, less expensive to install. 

Approximately three times as much condenser water is required for the 
steam jet cooling system as would be necessary with other types of 
mechanical refrigeration, but as the system can be designed with a large 
number of jets, each of which can be cut off as the load falls below maxi- 
mum, constant refrigerating efficiency is maintained and frictional losses 
and volumetric inefficiencies are kept at a minimum. 

The slight amount of air which may be entrained in the cooled water is 
removed by a small secondary ejector which raises the pressure sufficiently 
so that the air can be discharged to the atmosphere. A small secondary 
condenser, of course, is necessary to condense the steam used in the 
secondary jet. 

Steam jet refrigeration has an advantage where cooling towers are used 
for supplying the condensing liquid, as there is a great saving in the 
amount of steam used per ton of refrigeration. As the outdoor weather 
conditions vary the load on the cooling system, the compression ratio 
between the condenser and evaporator can be reduced and less propelling 
steam need be used per ton of refrigeration developed. Roughly, in air 
conditioning work, mechanical compressors show a falling off of 30 to 40 
per cent in the power input when using the most economical arrangement 
of compressors, as the load varies from 100 per cent to 26 per cent of the 
rated capacity; whereas with steam jet cooling equipment, the amount of 
steam required for producing the necessary refrigerating effect falls off in 
direct proportion to the load on the system. When steam refrigeration is em- 
ployed with cooling towers, the efficiency increases as the output is reduced. 

Compressors and Refrigerants 

There are many different types of compressors, a number of refrigerants, 
different types of evaporators, condensers and arrangements of the cycle, 
and each type has its particular place and usage. 
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The generally used compressors are of the following types: 

1. Reciprocating compressors. 

2. Centrifugal compressors. 

3. Rotaiy" compressors. 

4. Steam jet compressors. 

Over-all efficiency of the compressor in smaller commercial installations 
is not as important a requirement as that the whole unit require little 
attention and make a minimum of noise. The noise level when the fan, 
sprays, and compressor are in full operation should not exceed 25 decibels. 
High compressor efficiency appears as an important factor only in the 
larger industrial air conditioning systems. 

The refrigerants in most general use in commercial and industrial air 
conditioning are here listed in the order of their inoffensive odor charac- 
teristics : 

1. Water vapor. 

2. Carbon dioxide. 

3. Dichlorodifluoromethane. 

4. Dichloromethane, sometimes called methylene chloride. 

5. Methyl chloride. 

6. ‘ Ammonia. 

7. Sulphur dioxide. 

The. various types of compressors bear varied relationships to the 
refrigerants used in both commercial and industrial air conditioning. 
Reciprocating compressors are generally used for any of the refrigerants 
listed except water vapor, dichloromethane, or other low pressure refri- 
gerant, and they are used in both commercial and domestic air conditioning 
systems. They have been developed to a point where their efficiency is 
high and their operation very satisfactory. Relatively low speed opera- 
tion makes them desirable for general use in large installations. They are 
of two types, vertical and horizontal, either single or double acting. The 
horizontal double-acting compressor is not generally used in air condition- 
ing except when carbon dioxide is used as the refrigerant in the larger 
industrial systems. Vertical, single-acting, encased crank, reciprocating 
compressors of the uniflow type with valves in the pistons have proven 
reliable and are used in capacities from 1 hp to more than 100 hp. Re- 
ciprocating compressors can be used with more refrigerants than other 
types of compression units. For instance, when carbon dioxide is used as 
the refrigerant, a reciprocating compressor is required because of the 
extremely high pressures and the relatively high ratio of compression. 

The production of refrigeration at temperature levels from 25 F to 
55 F for general air conditioning involves special types of refrigerating 
compressors. Among these are: 

1. Gentrifugal compressors using a vcflatile refrigerant. 

2. Centrifugal compressors using water as a refrigerant. 

3. Steam jet or vacuum S 5 ^ems using water as a refrigerant. 

4. Rotary compressors using a volatile refrigerant. 

The -first two types, centrifugal compressors^ using dichloromethane or 
water vapor, can theoretically be used with any of the other refrigerants, 
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but the resulting loss in efficiency with the higher pressure gases limits the 
centrifugal compressor to the two refrigerants named. ^ At the present 
time the centrifugal compressors are limited to air conditioning systems of 
about 75 hp and more. Centrifugal compressors are usually built in two 
or more stages where the compression ratio is high, and their design 
follows closely that of any other centrifugal equipment, such as general 
service pumps and fans. 

Steam jet compressors which have recently entered the field are simple 
and compact and, having no moving parts, they produce practically no 
vibration but are not economical for water temperatures much below 
40 F or where the cost of generating steam is higher than the cost of 
operation with other prime movers. 

Rotary compressors are generally used for methyl chloride and dichloro- 
difiuoromethane because of their relatively low pressure and compression 
ratios. These compressors find widest use for fractional tonnage duty. 

The source of condensing water to some extent governs the type of 
refrigerant used. If condensing water is available at temperatures of not 
more than 70 to 75 F any of the refrigerants mentioned can be used 
economically, but if the available condensing water temperature is above 
80 F, carbon dioxide becomes uneconomical as its critical temperature is 
approximately 88 F. A condensing water temperature over 80 F makes 
the power required for compression high. All refrigerants have critical 
temperatures and pressures sufficiently high so that their efficiency is not 
materially affected by the condensing water temperatures, except in so 
far as this temperature affects the compression ratio. Steam jet cooling 
systems can use water up to 85 F, or even slightly warmer. 

The applicability of the various refrigerants is interesting. Carbon 
dioxide is limited by the condensing water temperature; the power con- 
sumption is slightly higher than that of other refrigerants; and the pres- 
sures are three to four times that of ammonia. 

The condenser pressures of methyl chloride and dichlorodifluromethane 
are approximately one-half that of ammonia. 

Ammonia, probably the best known refrigerant, has the disadvantage 
of being toxic, and under certain circumstances explosive, corrosive, and 
irritating, even in small quantities in the atmosphere. Ammonia is used 
exclusively in the larger indirect or brine cooling air conditioning systems. 

Sulphur dioxide is corrosive and irritating even in small quantities in 
the atmosphere and it is toxic under certain circumstances. 

Dichloromethane operates at pressures below that of the atmosphere, 
and it is to some extent toxic. 

Dichlorodifluromethane under normal circumstances is non-toxic, non- 
irritating, and non-explosive, but under high temperatures it breaks 
down into several obnoxious, poisonous components. 

Methyl chloride, under certain conditions, is explosive and slightly 
toxic. 

The steam ejector water vapor system has none of the disadvantages of 
toxicity, explosiveness and corrosiveness encountered in the other refri- 
gerants, but the system operates at less than atmospheric pressure. This, 
however, is not an important factor as there are no moving parts in the 
compressor and the possibility of inleakage of air is remote as all of the 
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equipment can be welded air and water tight. The supply of water is 
inexhaustible, and as a refrigerant, the make-up cost is negligible. The 
same boiler equipment can be used for heating in winter and for cooling 
in summer. 

Electric Motors 

The motors used for driving compressors can be roughly classified in 
three groups: synchronous, muitispeed, or variable speed. Further infor- 
mation on motors may be found in Chapter 17. 

Coolers 

The types of coolers used in connection with air conditioning work fall 
into three general groups. The first is the direct cooling of water; the 
second, direct cooling of air; and the third, cooling of brine for circulation 
in a closed system, which can cool either water or air. One method of the 
direct cooling of water is to install direct expansion coils in the spray 
chamber so that the water sprayed into the air comes in direct contact 
with the cooling coils. Another common and efficient method of cooling 
spray water is to use a Baudelot type of heat absorber where the water 
flows over direct expansion coils at a rate sufficiently high to give efficient 
heat transfer from water to refrigerant. 

Another type of spray water cooler is the shell and tube heat exchanger 
in which the refrigerant is expanded into a shell enclosing the tubes 
through which the water flows. The velocity of the water in the tubes 
affects the rate of heat transfer, and as the rejfrigerant is in the shell com- 
pletely surrounding the tubes at all times, good contact and a high rate of 
heat transfer are insured. The disadvantage of such a system is that with 
the falling off of load on the compressor the suction temperature or the 
temperature in the evaporator drops and there is a possibility of freezing 
the water in the tubes, which, of course, might split the tubes and allow 
the refrigerant to escape into the water passage. This danger can be 
eliminated by automatic safety devices. 

Another system of cooling spray water is to submerge coils in the spray 
collecting tank, or in a separate tank used for storage. The heat trans- 
mission through the walls of the coils, however, is low and a great deal 
more surface is required than for any other type of cooler. However, with 
large storage tanks this type of cooling can be utilized to advantage. 

When direct cooling of air is employed, the refrigerant is inside the coil 
and the air passes over it. Cooling depends upon convection and con- 
duction for removing the heat from the air. The type of coil used can be 
either smooth or finned, the finned coil being more economical in space 
requirement than the smooth coil. The fins, however, must be far enough 
apart so as not to retain the moisture which condenses out of the air. 

The indirect cooler, where brine is cooled by the refrigerant and the 
resulting cold brine is used to cool either air or water, introduces several 
other considerations. It is not the most economical from a power con- 
sumption standpoint, as it is necessary to cool the brine to a temperature 
sufficiently low so that there is an appreciable difference between the 
average brine temperature and that of the substance being cooled. This 
requires that the temperature of the refrigerant must be still lower, and 
consequently the amount of power required to produce a given amount of 
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refrigeration increases due to the higher compression ratio, but there are 
other considerations which make such a system desirable. In the first 
place, where a toxic refrigerant is undesirable or cannot be used, due to 
fire or other risks especially in densely populated areas, the brine can be 
cooled in an isolated room or building and then be circulated through the 
air conditioning equipment in perfect safety because it is used to cool the 
water or air, without any possibility of direct contact between the air and 
refrigerant. 

When an indirect system of cooling is used, it will be found that the heat 
transfer rate of the water cooler is considerably higher as a general rule 
than that of a direct expansion cooler for the same requirements. With 
direct expansion interchangers, it is almost impossible to keep the entire 
system flooded with liquid, whereas with brine interchangers the cooling 
medium completely fills the space of the interchanger and perfect contact 
is insured. 

Ice may be used for chilling water or air for conditioning work. Its 
application is limited because of the cost of ice, although the efficiency of 
cooling is higher than any other water cooling system. The word “water 
cooling” is used advisedly in that the direct cooling of air by ice is, while 
not impossible, rather impractical. It might be said that ice coolers are 
economical for systems requiring a maximum of 20 tons per 24 hours 
where the load fluctuates considerably, and it is possible to introduce ice 
only as it is required to cool water. The most general method of cooling 
water with ice is to spray the water over the surface of the ice, insuring as 
much contact as possible and approximating the same performance as the 
Baudelot type of cooler. Because of the large fluctuations in load in the 
air conditioning system, the higher cost of refrigerating effect when ice is 
used is offset by the fact that there are no motor and condenser in- 
efficiencies under partial load. Also, because the cost of the mechanical 
refrigeration equipment for the small system is so much higher per unit of 
effect, the fixed charges are small enough to overbalance the extra cost 
of the ice. 

Condensers 

Condensers are usually either the double pipe type or the shell and tube 
type. Shell and tube condensers are almost identical with coolers. 
Double pipe condensers are arranged so that water passes through the 
inner of two concentric pipes, and refrigeration passes through the 
annular space in the outer pipe. Where possible, there should be counter 
flow of the refrigerant and the condensing water to maintain maximum 
temperature differences. 

The amount and temperature of the condensing water determine the 
condensing temperature and pressure, and indirectly the power required 
for compression. It is, therefore, necessary to strike a balance so that the 
quantity of water insures economical compressor operation. 

As part of the condenser, or attached to it, there must be storage space 
for liquid refrigerant. The installation of all equipment should be made 
accessible for inspection, repair, and cleaning. Both the coolers and 
condensers should have space for pulling tubes. 

Because there is a decided tendency to conserve the water in city mains 
and most large cities are restricting the use of water, in order to use air 
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conditioning systems and refrigeration equipment it is often necessary to 
install cooling towers. The cooling towers, unfortunately, produce the 
warmest condensing water at the time when the load on the system is 
greatest, so that the refrigeration equipment must be designed to meet 
not only the maximum load at normal conditions, but also the maximum 
load at abnormal condensing water temperatures. If properly designed, 
this makes little difference in the efficiency of operation throughout the 
year except at those times when the condensing water temperature is 
highest. As this occurs only for 5 per cent of the entire cooling period it 
can be disregarded as a factor in establishing yearly operating costs. 

The cooling tower has a certain advantage over the use of water from 
the city mains in that the temperature of the condensing water varies 
directly with the outdoor temperature and, as pointed out, the refrigera- 
tion load also varies with this temperature. Certain economies are pos- 
sible when a cooling tower is used which cannot be achieved by the use of 
condensing water from city mains, even where the city water temperature 
is extremely low. Normally, the lowest city water temperature met during 
the summer months is from 65 to 70 F. This temperature range takes 
place for the entire cooling period, regardless of what the outdoor tempera- 
tures are. With the cooling tower, the temperature of the condensing 
water may rise to 80 or 85 F under maximum conditions, but under less 
than maximum conditions the temperature of the water off the cooling 
tower drops considerably, and it has been established that 50 per cent of 
the time the outdoor wet-bulb temperature varies from 60 to 70 F and the 
cooling tower water, therefore, for the same periods, varies from 65 to 75 F. 
When the outdoor wet-bulb temperature drops below 60 F, which occurs 
approximately 30 per cent of the time, the condensing water temperature 
is still lower. The cost of water used for condensing is negligible, as the 
only water required is that used to make up the loss by evaporation in the 
cooling tower itself. See also Chapter 11. 


PROBLEMS IN PRACTICE 


I • In a locality where the electric power rate is based on a demand charge, it 
is desired to install the smallest possible compressor motor which will provide 
summer cooling for a 300-seat restaurant which operates 6 hours per day from 

II a.m. to 2 p.m., and from 5 p.m. to 3 p.m. The refrigeration load at the peak 
is 28 tons. If the load factor for both the noon and evening meals is 70 per cent, 
discuss the type of equipment which would take the greatest advantage of the 
reduced power rate at low kilowatt demand. 

A storage system using a chilled water storage tank would permit the installation of a 
refrigeration system having the smallest motor. 

For a 28-ton system operating 6 hours per day at a 70 per cent load factor, on the maxi- 
mum day the total heat removed would be, 


28 tons X 6 hr X 0.7 = 117.5 ton -hours per day. 


If a compressor were to operate 24 hours at a constant rate, its average capacity would be 
117.5 ton-hours . ^ ^ ^ . 

^ hours ~ tons, or approximately 5 tons. If operated 12 hours per day, the 


compressor capacity would have to be increased to 10 tons. 

A water storage tank would store the refrigeration and allow off-peak operation, so a 
smaller compressor motor could be used. However, the suction temperature at which the 
compressor would be operated would be lowered approximately 5 to 10 F. This would 
increase the horsepower per ton of refrigeration, when dichlorodiffouromethane is used, 
approximatdy 10 per cent for a 5 F reduction and 24 per cent for a 10 F reduction in the 
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suction temperature. Rather than store the water at too cold a temperature, it would 
be more economical to install a larger storage tank and use a higher temperature. 

A 5-ton compressor running during periods when there are no customers, namely, during 
the 15 hours from 8 p.m, to 11 a.m. will have stored 15 hr X 5 tons, or 75 ton-hours, of 
refrigeration in the storage tank by 11 a.m. As one ton-hour equals 12,000 Btu, 75 X 
12,000 Btu, or 900,000 Btu, will have been stored. 

If the apparatus dew-point temperature is 54 F, and the chilled water is supplied to the 
air washer at 48 F, it will leave at 54 F. If the water in the storage tank is at 40 F, the 
temperature difference between the stored water and the water entering the w^asher will 
be 48 F — 40 F = 8 F. This is equivalent to an available 8 Btu of cooling effect per ib 

of water stored. Therefore, or 112,500 lb of water must be stored. This is 

o 


112,500 

8.34 


13,500 gal water to be stored, which equals 


13,500 

7.5 


1800 cu ft of water. 


The storage tank to hold this w'ater might be 6 ft high, 7}^ ft wide, and 40 ft long. Should 
this volume prove impractical, a proportionately smaller tank could be used if the water 
storage temperature were reduced. Should a 10-ton refrigeration system be used, the 
water quantities and tank capacity could be reduced by one half, and the refrigeration 
plant need not be started until 8 a.m. daily, which might prove of additional advantage. 
If refrigeration is stored by freezing ice on coils, considerable storage space will be saved 
but more power input per Btu of cooling will be required. 


2 • For condensing purposes, an air conditioning system uses city water which 
has an average 70 F supply temperature. The following table lists the number 
of hours per year dming which definite wet-bulb temperatures and corre- 
sponding refrigeration rates pertain. 


Wet-Bulb 

Temperature 

F 

No. of 

Hours 
per Year 

Refrigeration 

Required 

Tons 

80 

6 

284 

79 - 75 

100 

233 

74 - 70 

277 

183 

69 - 65 

330 

157 

64-60 

277 

144 

59 - 55 

158 

79 

54 - 50 

52 

1 37 


Total 1200 hours j 


If the power req[uirements of a dichlorodifluorometbane refirigeration system 
are in accordance with the following data on partial load operation, determine 
the seasonal power cost at 2 cents per kwhr; 

Tons of Refrigeration 284 233 183 157 144 79 37 

Kw per ton 0.89 0.89 0.87 0.86 0.86 0.93 0.97 


Seasonal power cost : 


Wbt-Bdxb ! 



Temperaturb 

p 

Ton-Hours | 

Kwhr 

i 



80 

6 

X 

284 


1,704 

1,704 

X 

0.89 


1,517 

79 

- 75 

100 

X 

233 


23,300 

23,300 

X 

0.89 

— 

20,750 

74 

- 70 

277 

X 

183 

= 

50,700 

50,700 

X 

0.87 


44,100 

69 

- 65 

330 

X 

157 


51,800 

51,800 

X 

0.86 

= 

44,500 

64 

- 60 

277 

X 

144 

= 

39,900 

39,900 

X 

0.86 

= 

34,300 

59 

- 55 

158 

X 

79 

= 

12,500 

12,500 

X 

0.93 

= 

11,600 

54 

- 50 

52 

X 

37 

= 

1,920 

1,920 

X 

0.97 

= 

1,860 


Totals 



181,824 ton-hours 



158,627 kwhr 
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The 158,627 kwhr at 2 cents per kwhr will cost S3, 173. 

Ml u 158,627 kwhr _ , 

The average consumption will be g24 ' to n hours ~ 


3 • Using the data from Question 2, if city water costs 20 cents per thousand 
gallons, and if 1.25 gallons are used per minute per ton, estimate the annual 
water cost. 


60 X 1.25 = 75 gal per ton-hour. 

181,824 ton-hours X 75 = 13,620,000 gal per year. 
13,620,000 X80.20 . 

— 1000 ~ 82, /24, the yearly cooling water cost. 


4 • Using the data of Question 2, if a cooling tower were installed for re-using 
the condensing water, estimate the annual operating cost of a dichlorodifluoro- 
ni ethane refrigeration system if the final temperatures of the water leaving the 
cooling tower and the kilowatt input per ton are the following : 


Tons 

Temperature of water 
leaving tower, F 

Kw input per ton 

284 

86.7 

1.10 

233 

81.8 

0.94 

183 157 

76.5 72.1 

0.85 0.80 

144 

66.4 

0.74 

79 37 

61.3 55.6 

0.59 0.62 

Wet-Bulb 

Temperature 

F 

Ton-Hours 



Kw PER Ton 

i 

Kwhr 

SO 

1,704 


X 

1.10 

= 

1,875 

79 — 75 

23,300 


X 

0.94 


21,900 

74 - 70 

50,700 


X 

0.85 

= 

43,300 

69 — 65 

51,800 


X 

0.80 

= 

41,400 

64 — 60 

39,900 


X 

0.74 

= 

29,500 

.59 — 55 

12,500 


X 

0.59 


7,370 

54 — 50 

1,920 


X 

0.62 

= 

1,200 

Totals 

181,824 ton-hours 



146,545 kwhr 


The 146,545 kwhr at 2 cents per kwhr will cost $2,931. 


The average consumption will be == 0.805 kw per ton. 

5 # If a steam ejector system were used to secure the refrigeration for the air 
conditioning system of Question 2, compute the annual steam cost if steam is 
sold for 53 cents per thousand pounds and if there is an average steam con- 
sumption of 20 lb of steam per hour per ton when used with a cooling tower 
system. 

181,824 tons X 20 lb of steam per ton = 3,636,480 lb of steam. 

The 3,636,480 Ib at 53 cents per thousand pounds will cost $1,929. 


6 # From the data given in the following table covering auxiliary equipment, 
make a comparison between the operating costs of the complete dichlorodi- 
fiuoromethane system of Question 4 and the complete steam ejector cooling 
system of Question 5. A cooling tower is used for condenser water recovery. 


Plant Operation 

Dichlorodifl uorome thane 
System 

Steam Ejector 
System 

Hours of oi)eration.„ 

Cooling tower fan, bhp 

1200 

17.8 

1200 

35.6 

Cooling tower pump, bhp 

30.2 

47.8 

Chilled water, gpm 

1200 

1200 

Discharge head on chilled water 
system, ft 

75 

75 

Pump efficiency, per cent 

75 

75 

Motor efficiency, per cent 

80 

80 

Chilled water temperature, F 

46 

46 


The flash tank or evaporator of the steam ejector system is of the open type, 
the flash water being pumped directly to the sprays of the washer used for 
cooling the air. 
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Dichlorodifluoromethane System: 

Power requirements, 

Cooling tower fan 17.8 bhp 

Cooling tower pump 30.2 


Total 


48.0 bhp 


Off. . 48.0 bhp X 0.746 X 1200 hr , 

Power for cooling tow^er system = = 53,700 kwhr. 

0.80 motor efficiency 


The water cooler in a dichlorodifluoromethane system of the surface type requires no 
additional pumping head other than the friction drop through the cooler, which in this 
problem is estimated to be 10 ft. The total pumping head is, therefore, 75 + 10 = So ft. 
Power required for the chilled water system will be, 


1200 gpm X 8.34 lb per gallon X 85 ft head _ 


33,000 ft lb X 0.75 pump efficiency 


- 34.3 bhp. 


34.3 bhp X 0.746 X 1200 hr 


= 38,300 kwhr. 


0.80 motor efficiency 
Thus, the total power required by the auxiliary equipment will be 


53,700 -f 38,300 = 92,000 kwhr. 

The 92,000 kwhr at 2 cents per kwhr will cost 
The power cost of refrigeration, from Question 4, is 


$1,840 

2,931 


The total annual power cost, using a dichlorodifluoromethane system, is $4,771 
Steam Ejector System: 

Power requirements. 

Cooling tower fan 35,6 bhp 

Cooling tower pump 47.8 


Total 

Power for cooling tower systems = 


83.4 bhp 

83.4 bhp X 0.746 X 1200 hr 
0.80 motor efficiency 


93,300 kwhr. 


In the flash tank or water cooler of the steam ejector system, the water is at a pressure 
corresponding to the chilled water temperature required. In this case it is at 46 F, which 
corresponds to an absolute pressure of 0.1532 lb per sq in. or 0.3118 in. Hg. This increases 
the pumping head on the chilled water circulating pump by 14.7 — 0.15 = 14.55 lb per 
square inch, or 33.5 ft. The total pumping head is, therefore, 75.0 + 33.5 == 108.5 ft. 


1200 gpm X 8.34 lb per gallon X 108.5 ft head _ 7 

33,000 ft-lb X 0.75 pump efficiency * 

43.7 bhp X 0.746 X 1200 hr 
0.80 motor efficiency 

The total power required by the auxiliary equipment is 

93,300 + 48,800 = 142,100 kwhr. 


= 48,800 kwhr. 


The 142,100 kwhr at 2 cents per kwhr will cost 
The cost of the steam, from Question 5, is 


$2,842 

1,929 


The total annual power cost, using a steam ejector system, is $4,771 

These calculations indicate that for the assumptions made, both the dichlorodifluoro- 
methane system and the steam ejector system would cost 2.6 cents per ton-hour to 
operate. In order to obtain a complete analysis it would be necessary to compare the 
fixed charges which include interest, depreciation, obsolescence, and maintenance. 
These are customarily computed at 15 per cent of the initial cost per annum. Td this 
cost must be added the cost of refrigerant make-up per year. In the steam system this 
is negligible, but in the dichlorodifluoromethane system it may be approximated at 
from J4 to of the refrigerant charge per year. 
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Chapter 11 


HUMIDIFICATION AND 
DEHUMIDIFICATION 


Air Washers^ Atmospheric Water Cooling Equipment^ Cooling 
Totcers^ Design Wet-Bulh Temperature, Cooling Ponds, Natural 
Draft Dech Type Tourers, Mechanical Draft Towers, Winter Freezing 

E quipment for humidifying and dehumidifying is of varied character 
and its functions will be discussed in this chapter. An air washer is 
essentially a chamber in which air is brought in intimate contact with 
water, the object being {a) to wash the air or {b) to regulate the moisture 
content of the air and at the same time wash it. The air comes in contact 
with the water by passing it through water sprays or by passing it over 
surfaces wetted by a continuous flow of water; hence the classification: 
spray, scrubber, and combination spray and scrubber type washers. 

A washer chamber may be constructed of wood, or stone, but it is most 
often constructed of sheet metal. The lower portion of it is specially 
designed as a tank to receive the water dropping through the chamber and 
to serve as a reservoir from which the water may be recirculated. 

It is desirable that air leaving a washer contain no water in suspension. 
For this reason eliminators are provided at the washer outlet. These 
may be in the form of plates or baffles upon which the free moisture is 
deposited as the air is deflected through several changes from its original 
direction of flow. In some washer units steel wool filter sections serve 
as eliminators. However, specially designed plates are used more gener- 
ally than other devices because they offer the least resistance to the flow 
of air, while still performing effectively the function of free moisture 
elimination. They also have the advantage of acting as scrubber surfaces 
when flooded. 

It is essential to uniform performance in a washer, that air enter evenly 
distributed over the washer inlet. To insure this, a perforated plate or 
eliminator plates are installed at the inlet. Eliminator plates are now 
more generally used. They serve a second purpose in preventing the 
escape of spray through the washer inlet. 

Water is supplied to scrubber type units through flooding nozzles. The 
capacity of these nozzles varies with the manufacturer although a fair 
value of 5 gpm may be used. The nozzles are spaced on one-foot centers 
across the top of the washer over the scrubber plates. 

Water is supplied to spray type units through atomizing nozzles gener- 
ally arranged in banks across the washer. The nozzles spray either in the 
direction of the air flow, that is, downstream, or against the air flow, or 
upstream. Nozzle capacities vary with the manufacturer, from to 
2 gpm at a water pressure of about 25 lb p>er square inch which pressure 
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is required for effective atomization. The spacing of spray nozzles is 
determined by the water requirements of the particular installation. A 
spray type washer may contain one, two or three banks of nozzles depend- 
ing upon its application. 

When an air washer is used for cleaning air it removes impurities and 
dusts. In general it does not function as efficiently in this service as a 
filter. For non-microscopic soluble dust its efficiency averages about 
50 per cent, unless the concentration of dust is high. Its effectiveness in 
removing greasy microscopic dust is practically negligible as is also its 
deodorizing ability. 

When a washer is used to regulate the moisture content of air it adds 
moisture to (humidifies) or removes moisture from (dehumidifies) the 
air to achieve the desired moisture content. (See also Chapter 3.) 

When air passes through a washer wherein water is circulated without 
the addition or removal of heat, the air tends to become saturated at its 
entering wet-bulb temperature. What occurs here is partial or complete 
adiabatic saturation. The total heat content of the air is unchanged, 
inasmuch as the dry-bulb temperature of the air drops in proportion to 
the amount of additional water evaporated. This action is also known as 
evaporative cooling. A measure of the washer’s effectiveness under these 
conditions is its saturating efficiency which is equal to the drop in dry- 
bulb temperature in per cent of the entering wet-bulb depression. Other 
things being equal, the saturating efficiency of a spray type washer is a 
function of the number of spray banks and the direction in which they 
spray. The following table gives a general comparison: 

3 banks — 2 upstream — 1 downstream.- 100% saturation efficiency 

2 banks — 2 upstream 95% saturation efficiency 

2 banks — 1 upstream — 1 downstream 85% saturation efficiency 

1 bank — upstream 80% saturation efficiency 

1 bank — downstream 65% saturation efficiency 


When air passes through a washer wherein the circulated water is 
either cooled or heated before being returned to the spray chamber, a 
heat interchange between the air and water occurs, and the air tends to 
become saturated at the temperature of the leaving water. The extent 
to which the leaving air and leaving water temperatures approach each 
other is an index to the effectiveness of the washer under the operating 
conditions. The total heat absorbed by the water in the process equals 
the total heat given up by the air, or the heat given up by the water equals 
the heat absorbed by the air. Depending on whether the moisture con- 
tent of the air is increased or decreased during the operation, humidifi- 
cation or dehumidification occurs. Heat will be added to or removed 
from the air as the water supplied is of a higher or a lower temperature 
than the wet-bulb temperature of the entering air. 

For dehumidifiers the ratio of the difference between the leaving wet- 
bulb and the leaving water to the difference between the entering wet- 
bulb and the entering -^ater may be figured as follows : 

3 banks — 1 downstream — 2 upstream— 0% 

2 banks — 2 upstream 5% 

2 banks — 1 upstream — 1 downstream 16% 

1 bank — upstream 20% 

1 bank — downstream 35% 
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Humidifiers may be figured on the same basis as dehumidifiers; the 
leaving water temperature, of course, will be higher than the wet-bulb 
temperature of the leaving air. 

The problem of cooling or heating the circulated water before returning 
it to the washer chamber is external to the unit. It will suffice here to 
note that heating is generally accomplished by passing the water through 
closed hot water heaters or by injecting steam into the water circuit; 
cooling, by passing the water through closed coolers or over refrigerating 
coils in a Baudelot chamber. Often in a cooling and dehumidifiying 
application, the refrigerating coils are located within the washer chamber. 



Fig. 1. Typical Single Bank Air Washer 



Washers are sometimes arranged in two or more stages to cool through 
long ranges or to increase the over-all efficiency of heat transfer between 
air and the cooling or heating medium (water, brine, etc.) . A multi-stage 
washer is equivalent to a number of washers in series arrangement. Each 
stage is in effect a separate washer. 

Usually the catalog capacity of a washer is expressed in cubic feet of 
air per minute and is based upon an air velocity of 500 feet per minute 
through the gross cross-sectional area of the unit above the water level in 
its tank. At this rating spray type washers handle about 2-3^ gpm of 
water per bank per square foot of area, that is, about 5 gpm per bank per 
1000 cfm. These proportions of air, water, area, and velocity may be 
departed from to meet the needs of some particular job, but certain 
limiting relationships should be observed. Two of the more important 
items are; 
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a. Choose a washer for air velocities above approximately 300 fpm and below 
approximately 600 fpm. Velocities outside this range are likely to result in faulty 
elimination of entrained moisture. 

b. When a high saturating efficiency is required, select a two or three bank spray 
type unit, having a total water capacity of not less than 15 gpm per 100 cfm. 

The area of a washer may be dictated by space limitations outside the 
washer, such as headroom, or by space requirements inside washer, such 
as face area needed by a bank of cooling coils. The length of a washer is 
determined by the number of spray banks, or scrubber plates, and if 
cooling coils are installed in the unit, by the number of banks of coils. 
Roughly, a spray space of about 2 ft 6 in. in length is required for each 
bank of sprays, (the leaving eliminators require about 1 ft 6 in., entering 
eliminators about 1 ft). 

The resistance to air flow through an air washer varies with the type 
eliminators, number of banks of sprays, direction of spray, type of scrub- 



Fig. 3. Air Washer with Spray Water Heating Arrangement 


ber plates, and, if cooling coils are located in unit, by their size and type. 
Washers should be selected to limit static resistances below 0.50 in. 

Power Requirements 

The approximate power requirement for passing 10,000 cfm of air 
through a humidifier of the spray type by a fan of 78 per cent mechanical 
efficiency is given in Table 1, this being the fan brake horsepower for 
various velocities and static pressure losses. Allowance should be made 
for variations in static pressure due to the use of different diffuser plates 
or inlet louvers and for variations in fan efficiencies. 

ATMOSPHERIC WATER COOLING EQUIPMENT 

To successfully operate a refrigerating plant or a condensing turbine, 
the heat from the compressed refrigerant or the discharged steam must be 
removed and dissipated. This is accomplished ordinarily by first trans- 
ferring the heat of the gas to water in a heat exchanger. If the plant is 
situated on the banks of a river or lake, an intake may be had upstream or 
at a considerable distance from the discharge, to prevent mixing of the 
heated discharged water with the inlet water. If the source of water is a 
city supply or well water, the discharge water may be run into the nearest 
sewer or open waterway. Lacking an unlimited water supply, or in cases 
where city water is too expensive or where the water available contains 
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dissolved salts which would quickly form scales on the heat-exchanging 
apparatus, it is necessary to recirculate the water, and to cool it after each 
passage through the heat-exchanger by exposure to air in an atmos- 
pheric water cooling apparatus. 

Air has a capacity for absorbing heat from water when the wet-bulb 
temperature of the air is lower than the temperature of the water with 
which it is in contact. The rapidity with which this transfer of heat occurs 
depends upon (1) the area of water in contact with the air, (2) the relative 
velocity of the air and water, and (3) the difference between the wet-bulb 
temperature of the air and the temperature of the water. Because the 
changes in rate do not occur in direct proportion to changes in the govern- 
ing factors, data on the performance of atmospheric water cooling equip- 
ment are largely empirical. 


Table 1. Approximate Fan Brake Horsepower 

Requirements for passing 10,000 cfm of air through humidifiers at various velocities and static pressures. 
Mechanical efficiency of fan — 78 per cent. 


Velocity 

FPM 

1 30 Deg Eliminators Spaced 

ON 1-J'^ IN. Centers 

45 Deg Eliminators Spaced 

ON 2 - 1 ^ In. Centers 

Static Pressure 

I In. Water 

; BHP 

Static Pressure 

In. Water 

BHP 

500 j 

0-20 

i 0.40 

0.40 

0.80 

550 1 

1 0.24 

0.48 

0.48 

0.97 

600 i 

! 0.29 

i 0.58 

0.58 

1.15 

650 ! 

0.34 

i 0.68 

0.68 

1.35 


As the heat content of the air increases, its wet-bulb temperature rises. 
(See Chapter 1.) Because it is impractical to leave the air in contact 
with water for a long enough time to permit the wet-bulb temperature of 
the air and the temperature of the water to reach equilibrium, atmos- 
pheric water cooling equipment aims to circulate only enough air to cool 
the water to the desired temperature with the least possible expenditure 
of power. 

Cooling Towers 

In an air washer, humidifier or dehumidifier, the air is first conditioned 
by water to change its moisture and temperature, and it is then sent to 
the place where it is to be used. In water cooling equipment the tem- 
perature of the water is reduced by air, and the cooled water is carried to 
its point of usage. In the air washer, an excess of water is used to con- 
dition a fixed quantity of air, while in water cooling equipment, an excess 
quantity of air is used to cool a fixed quantity of water. 

Both*t 3 q>es of equipment have a common basis of design, however, in 
that the size of the equipment is determined by the quantity of air that 
must be handled. With the air washer, the size of the equipment is fixed 
by the quantity of air to be conditioned, and the amount of conditioning 
is controlled by the quantity and temperature of the water supplied and 
its method of application. With water cooling apparatus, its size and the 
quantity of air required bear no direct relation to the quantity of water 
being cooled, but vary through a wide range for different services and 
conditions. 
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Sizes of Equipment 

Assuming a definite quantity of water to be cooled, the size and design 
of atmospheric cooling equipment are affected by the following factors: 

1. Temperature range through which the water must be cooled. 

2. Number of degrees above the wet-bulb temperature of the entering air to which 
the water temperature must be reduced. 

3. Temperature of the atmospheric wet-bulb at which the required cooling must be 
performed. 

4. Time of contact of the air with the water. (This involves height or length of the 
apparatus and velocity of air.) 

5. Surface of water exposed to each unit quantity of air. 

6. Relative velocity of air and water. 


Table 2. Condenser Design Data 


Gas 

Maximum Pressure 
Desired in 
Condenser 

Gas Temperature 

IN Condenser 

Leaving Hot Water Temperature 

F 


F 

Best Design 

.\verage Design 

Steam 

28 in. vacuum 

99.7 

97 

93 

Steam 

27 in. vacuum 

114.3 

no 

105 

Steam..... 

Ammonia 

26 in. vacuum 

185 lb gage 

126.0 

120 

114 

Carbon dioxide., 

head pressure 

1030 lb gage 

96.0 

92 

88 

Methyl 

head pressure 

102 lb gage 

86.0 

83 

81 

chloride 

Dichlorodi- 

head pressure 

117 lb gage 

100.0 

' 96 

92 

fluoromethane 

head pressure 

100.0 

96 

1 93 


Items 1, 2, and 3 are established by the type of service and geographical 
location, while items 4, 5, and 6 depend upon the design of the equipment. 

The establishment of a proper cooling range depends upon : 

1. Type of service (refrigerating, internal combustion engine and steam condensing). 

2. Wet-bulb temperature at which the equipment must operate satisfactorily. 

3. Type of condenser or heat-exchanger used. 

Because the design of an entire plant is usually affected by the quantity 
and temperature of the cooling water supply, plants should be designed 
for cooling water conditions which can be most efficiently attained. The 
first consideration is usually the limiting temperature of the plant. For 
example, if an ammonia compressor refrigerating plant is to be designed 
for 185 lb head pressure as a normal maximum, the limiting temperature 
of the ammonia in the condenser is 96 F. Should the ammonia temperature 
go above this figure the head pressure will exceed 185 lb and power con- 
sumption increases. To obtain this head pressure, the temperature of the 
circulating water leaving the condenser must always be less than 96 F 
by an amount depending upon the size and design of the condenser, the 
quantity of water being circulated, and the refrigerating tonnage being 
produced. A condenser having a large surface per ton of refrigeration 
may be designed to operate satisfactorily with the leaving hot water 
temperature within 3 deg or 4 deg of the ammonia temperature cor- 
responding to the head pressure, while a small condenser might require 
a 10 deg difference. 
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Table 2 lists several gases with data as to the temperatures and pres- 
sures for which commercial condensers are designed. Internal combustion 
engines have limiting hot water temperatures of 125 F to 140 F. The 
cooling of such fluids as milk or wort has variable requirements and is 
usually done in counter-flow heat-exchangers in which the leaving circu- 
lating water is at a much higher temperature than is the leaving fluid. 

The temperature range, once the hot water temperature is approxi- 
mately known, depends upon: 

1. Maximum wet-bulb temperature at which the full quantity of heat must be 
dissipated. 

2. Efficiency of the atmospheric cooling equipment considered. 

Design Wet-Bulb Temperatures 

The maximum wet-bulb temperature at which the full quantity of 
water must be cooled through the entire range is never, in commercial 
design, the maximum wet-bulb temperature ever known to exist at the 
location nor the average wet-bulb temperature over any period. The 
former basis would require atmospheric cooling equipment several times 
greater than normal size, and the latter would result during a large part of 
the time, in higher condenser water temperatures than those for which the 
plant was designed. For instance, the maximum wet-bulb temperature 
recorded in New York City is 88 F, and the July noon average for 64 
years is close to 68 F. Yet in the years 1925 to 1931, inclusive, there were 
but 6 hrs per year when the wet-bulb temperature reached 80 F or more, 
and there were 975 hours in the average summer (June to September, 
inclusive) when the wet-bulb temperature was 68 F or above. As these 
975 hours represent a third of the summer period, cooling equipment 
based upon the noon average July wet-bulb of 68 F would be inadequate. 
Commercial practice is to choose a wet-bulb temperature for refrigeration 
design purposes which is not exceeded during more than 5 to 8 per cent 
of the summer hours (75 F for New York City), with somewhat lower 
requirements for steam turbines and internal combustion engines. This 
difference is made because the heaviest load on a refrigerating plant is 
coincident with high wet-bulb temperatures, whereas the heaviest electric 
power demand occurs either in the winter or after nightfall in summer, 
when the wet-bulb temperature is low. Table 1, Chapter 8, shows safe 
design wet-bulb temperatures which will not be exceeded more than 8 per 
cent of the time in an average summer. 

Knowing the hot water temperature and the wet-bulb temperature for 
which the equipment must be designed, the cold water temperature must 
be chosen to place the requirement within the efficiency range of the type 
of atmospheric water cooling apparatus to be used. Efficiency of atmos- 
pheric water cooling apparatus is expressed as the percentage ratio of the 
actual cooling range to the possible cooling range. Since the wet-bulb 
temperature of the entering air is the lowest temperature to which the 
water could possibly be cooled this is: 

Percentage cooling efficiency of atmospheric water cooling equipment = 

(hot water temperature — cold water temperature ) X 100 
hot water temperature — wet-bulb temperature of entering air 
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Efficiencies of various types of atmospheric water cooling apparatus 
vary through wide limits, depending upon air velocity, concentration of 
water per square foot of area, and the type of equipment. The commercial 
range of efficiencies is given in Table 3 although unusual designs may 
operate outside these ranges. 

From consideration of the factors which include the cooling range and 
design wet-bulb temperature, the quantity of water required can be 
calculated from the amount of heat to be dissipated. The normal amounts 
of heat to be removed from various parts of the cooling equipment are: 

Compressor refrigeration 220 to 270 Btu per minute per ton 

Condenser turbine 950 to 980 Btu per pound of steam 

Steam jet refrigerating appartus 1030 to 1150 Btu per pound of steam 

Diesel engine 2800 to 4500 Btu per horsepower 

Cooling Ponds 

A natural pond is often used as a source of condensing water. The 
hot water should be discharged close to the surface at the shore line, as 
natural air movement over the surface of the water will cause evaporation 


Table 3. Efficiency of Atmospheric Water Cooling Equipment 


Equipment 

1 CooLiNQ Efficiency— Pee Cent 

Minimum 

Usual j 

Maximum 

Spray Ponds 

30 

45 to 55 

60 

Spray Towers 

40 

45 to 55 

60 

Natural Draft Deck or Atmospheric 
Towers 

35 

50 to 70 

90 

Mechanical Draft 

35 

55 to 75 

90 




and carry away heat. Because increased density due to the loss of heat 
causes the cooled water to sink to the bottom of the pond, the suction 
connection for intake water should be placed as far below the surface as 
possible, and at as great a distance from the discharge as practicable. 

Spray Cooling Ponds 

The spray pond consists of a basin, above which nozzles are located to 
spray water up into the air. Properly designed spray nozzles break up the 
water into small drops, but not into a mist because the individual drops 
must be heavy enough to fall back into the basin and not drift off. The 
water surface exposed to the air for cooling is the combined area of all the 
small drops. Since the rate of heat removal by atmospheric water cooling 
is a function of the area of water exposed to the air, the difference in 
temperature between the water and the wet-bulb temperature of the air, 
the relative velocity of air and water, and the duration of contact of the 
air with the water, a much larger quantity of heat may be dissipated in a 
given area with the spray pond than with the cooling pond, because of (p 
the speed with which the drops travel as they are propelled into the air 
and fall back into the water basin, (2) the increased wind velocity at a 
point above the surrounding structures or terrain, (3) the increased 
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volume of air used, and (4) the vastly increased area of contact between 
air and water. 

Spray pond efficiencies are increased by (1) elevating the nozzles to a 
higher point above the surface of the water in the basin, (2) increasing the 
spacing between nozzles of any one capacity, (3) using smaller capacity 
nozzles, to decrease the concentration of water per unit area, and (4) 
using smaller nozzles and increasing the pressure to maintain the same 
concentration of water per unit area. IJsual practice is to locate the 
nozzles from 3 ft to 6 ft above the edge of the basin, to supply from 5 lb to 
12 lb pressure at the nozzles, using nozzles spraying from 20 gpm to 
60 gpm each and spacing them so the average water delivered to the 
surface of the pond is from 0.1 gpm per square foot in a small pond to 
0.8 gpm per square foot in a large pond. 

Increasing the pressure, spacing the nozzles farther apart, or increasing 
the elevation of the nozzles will increase the cross-section of spray cloud 
exposed to the air, and therefore increase the quantity of air coming in 
contact with the water. Best results are obtained by placing the nozzles 
in a long relatively narrow area located broadside to the wind. 

Spray ponds may be located on the ground if they have an earthen or 
a concrete basin, or they may be placed on roofs having special waterproof 
roofing. To prevent excessive drift loss, or the carrying of entrained 
water beyond the edge of the pond by the air on the leeward side, louver 
fences are required for roof locations and for those ground locations where 
space is so restricted that the outer nozzles cannot be located at least 
20 ft to 25 ft from the edge of the basin. Such fences usually are con- 
structed of horizontal louvers overlapping so the air is forced to turn a 
corner in passing through the fence, and the heavier drops of water are 
thrown back, owing to their inertia. The louvers also restrict the flow of 
air, particularly at the higher wind velocities, and thus further reduce the 
possibility of water being carried off. The height of an effective fence 
should be equal to the height of the spray cloud. Louver boards are 
preferably of red gulf cypress or California redwood supported on cast- 
iron, steel or wood posts. Where building ordinances forbid the use of 
combustible materials, sheet metal is customarily used. 

Algae formations may be a considerable nuisance in a spray pond. 
Such growths are killed by the periodic addition of potassium permanga- 
nate to the pond water. Addition of the dissolved chemical should be 
made until the water holds a faint pink color for at least 15 min. 

Spray Cooling Towers 

Where not more than 30,000 Btu per minute are to be dissipated, the 
spray cooling tower is a satisfactory apparatus. The word tower in this 
connection is somewhat of a misnomer as the apparatus is essentially a 
narrow spray pond with a high louver fence. As usually built, the nozzles 
spray down from the top of the structure and the distance from the center 
of the nozzle system to the fence on either side is not more than half the 
distance that the nozzles are elevated above the water basin. Heights 
range from 6 ft to 15 ft and the total width of a structure is not usually 
greater than its height. Spray cooling towers occupy less space on small 
jobs than spray ponds of equivalent capacities because the towers have 
a capacity of from 0.6 gpm to 1.5 gpm per square foot of tower area. The 
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louvers are continually wet, and so add to the surface of water exposed 
to the cooling air. 

Natural Draft Deck Type Towers 

In past years most of the atmospheric water cooling on refrigeration 
work has been done with natural draft deck type towers, which are also 
referred to as wtnd or atmospheric towers. These towers consist of heavy" 
wooden or steel framework from 15 ft to 80 ft high and from 6 ft to 30 ft 
wide, having open horizontal lattice-work platforms or decks at regular 
intervals from top to bottom, and a catch basin at the foot. The hot 
water is distributed over the upper part of the structure by means of 
troughs, splash heads, or nozzles, and it drips from deck to deck down to 
the basin. The object of the decks is to arrest the fall of the water so as to 
present efficient cooling surfaces to the air, which passes through the 
tower parallel to the decks. The decks also add to the area of water 
surface exposed to the air, but since they furnish a resistance to air flow, 
too many decks are a detriment. 

To prevent the loss of water on the leeward side of the tower, wide 
splash boards are attached at regular intervals from top to bottom. These 
boards or louvers extend outward and upward, and in most designs the 
top edge of each louver extends above the bottom edge of the one above it. 

Efficiency of a deck tower is improved, within limits, by increased 
height, increased length, or increased width. The first two increase the 
area of water exposed to the wind, and the latter increases the time of 
contact of the air with the water. 

Wind Velocities on Natural Draft Equipment 

Since natural air movement is the prime requirement for a deck type 
tower, spray cooling tower, or spray pond, the apparatus must be de- 
signed to produce the desired cooling on days when the wind velocity is 
below average when the wet-bulb temperature is at the maximum chosen 
for design, and when the plant is operating at full load. The apparatus 
must also, for best results, be located with its longest axis at right angles 
to the direction of the prevailing hot weather breeze. Table 1 Chapter 8, 
gives the average summer wind velocities and directions in representative 
cities. Natural draft cooling equipment should be designed to operate 
properly with not more than one-half of the average wind velocity, and in 
no case should it need a wind velocity of more than 5 mph. It is obvious 
that natural draft towers and other natural draft equipment must be so 
located that they are not obstructed by trees, buildings, or other wind 
deflectors. 

Mechanical Draft Towers 

Mechanical draft towers usually consist of vertical shells, constructed 
of wood, metal, or masonry, in which water is distributed uniformly at the 
top and falls to a collecting basin at the bottom. The inside of the tower 
may be filled with wood checker-work over which the water drips, or the 
water surface may be presented to the air by filling the entire inside of the 
structure with spray from nozzles. Air is circulated through the tower 
from bottom to top by forced or induced draft fans. Since the air flows 
counter to the water, the air is in contact with the hottest of the water 
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just before leaving the top of the tower, and each unit of air picks up more 
heat than a similar unit would on natural draft equipment, so the me- 
chanical draft tower cools water by using less air than the other types of 
equipment need. As movement of the air through the towers is obtained 
by power-consuming fans, it is essential that the air used be reduced to a 
minimum so as to secure the lowest possible operating cost. 

The efficiency of a mechanical draft tower is increased by increasing 
height, area, or air quantity. Increasing the height increases the length 
of time the air is in contact with the water without affecting seriously the 
fan power required, but it increases the pumping power needed. In- 
creasing the area while maintaining constant fan power increases the air 
quantity somewhat and because of louvered velocities it increases the 
time this air is in contact with the water. The surface area of water in 
contact with the air is increased in both cases. Increasing the air quantity 
decreases the time the air is in contact with the water, but, since a greater 
quantity is passing through, the average differential between the water 
temperature and the wet-bulb temperature of the air is increased, and, 
this speeds up the heat transfer rate. Increased air quantities are 
obtained only at the expense of increased fan power, which increases 
approximately as the cube of the air quantity. Air velocities through 
mechanical draft towers vary from 250 fpm to 600 fpm over the gross area 
of the structure. 

Mechanical draft water cooling equipment may be set up inside build- 
ings, where it usually draws its air supply from the general space in which 
it is installed, and discharges its exhaust air through a duct to the outside. 
Indoor cooling towers may be either of the wood-filled or the spray-filled 
type. In many cases where little height but considerable area is available, 
water is cooled in a spray-filled structure similar to an air washer, with 
the air passing horizontally through the apparatus and being discharged 
through a duct to the outside. Such apparatus does not have the counter 
flow advantage of the vertical mechanical draft water cooling equipment, 
and therefore requires a much larger excess of air for proper operation. 
Air velocities and operating powers are considerably above those required 
by vertical mechanical draft water cooling equipment. 

Make-up Water 

Since the atmospheric water cooling equipment performs its functions 
chiefly by evaporating a portion of the water in order to cool the re- 
mainder, there is a continual drain on the quantity of water in the system, 
and this loss must be replaced. Approximately 1 gal of water is lost for 
every 1000 gal of water cooled per degree of cooling range; so if 1000 gpm 
of water are cooled through a 10 deg range, 10 gpm of water will be re- 
quired to replace evaporated water. Replacement supply is usually 
regulated by a float control valve. Because the evaporation of the water 
leaves behind the salts which the water contained, high concentration of 
salts may make chemical treatment of the make-up water necessary to 
avoid excessive deposits in the condensers. 

Winter Freezing 

If atmospheric water cooling equipment is operated in freezing weather, 
the water may be cooled below freezing temperature so ice forms and 
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collects until its weight causes damage. To obviate freezing during con- 
tinued operation, the efficiency of the apparatus may be lowered. This 
is done on the spray pond and the spray cooling tower by reducing the 
quantity of water fed to the apparatus, thereby lowering the pressure at 
the nozzles and increasing the size of the drops produced. On the deck 


Table 4. Comparison of Various Types of Atmospheric Water Cooling Equipment 

Figures indicate order of desirability 
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X 

5 

4 

3 

1 

2 

Water quantity required for definite 
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6 

5 

4 

1-2 

1-2 

3 


3cNot comparable. 


tower the upper system may be shut off and a secondary distribution 
system put in service midway down the height of the tower. The water 
will be kept above freezing because it will have shorter contact with the 
air. The mechanical draft tower can be protected by reducing the air 
flow through the tower, by stopping or reducing the speed of the fans, or 
by partially closing dampers. 

If the system is operated intermittently in freezing weather, water in 
the basin may freeze and the expansion of the ice may do harm. Freezing 
during intermittent operation can be prevented only by draining the 
water basin when it is out of service. On small roof installations, a tank 
large enough to hold all the water in the system is often installed inside 
the building and the basin is drained into this by gravity, the pump suc- 
tion being taken from this inside tank. 

A comparison of various types of water cooling equipment is given in 
Table 4. 


PROBLEMS IN PRACTICE 

1 • What three systems of humidification are used in textile, printing, and 
lithographic plants? 

a. Indirect: Introduction of moistened air into the rooms. 

b. Direct: Spraying of moisture into the rooms. 

c. Combined: Direct and indirect as above. 

2 # How may relative humidity be controlled? 
a. If constant room temperature is to be maintained: 

1. To maintain a constant relative humidity, the dew point must be kept constant. 
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2. To increase the relative humidity, the dew point must be raised. 

3. To decrease the relative humidity, the dew point must be lowered. 

b. If constant dew’ point is to be maintained: 

1. To maintain a constant relative humidity, the room temperature must remain 
constant. 

2. To increase the relative humidity, the room temperature must be lowered. 

3. To decrease the relative humidity, the room temperature must be raised. 

c. With varying dew-point temperatures: 

1. To maintain a constant relative humidity, the room temperature must vary 
directly and in almost equal amount wdth the dew' point. 

2. To increase the relative humidity, the difference between room temperature and 
dew point must be decreased. 

3. To decrease the relative humidity, the difference between room temperature and 
dew point must be increased. 

d. With varying room temperatures: 

1. To maintain a constant relative humidity, the dew point must vary directly and in 
almost equal amount with the room temperature. 

2. To increase the relative humidity, the difference between dew' point and room 
temperature must be decreased. 

3. To decrease the relative humidity, the difference between dew' point and room 
temperature must be increased. 


3 # In industrial air conditioning plants, what are the four sources of heat 
which must he taken into consideration in the design of a system? 

u. Heat transfer from the outside air. 
h. Body heat from employees. 

c. Sun eflfect. 

d. Heat equivalent of power consumed in driving machinery, in lighting, and in manu- 
facturing processes in general. 

4 • Why do cooling towers give best results when the humidity of the air is low? 

The cooling of water by dropping it through air depends mostly upon the evaporation of 
the water. If the relative humidity of the air is low, the water vapor will be readily 
absorbed and carried away, while if the humidity of the air is high, its capacity to pick 
up water vapor is less and the water is cooled less with the same exposure to air. 

5 • What performance tests should be given air washers? 

a. Capacity. 

b. Resistance. 

c. Visible entrainment of free moisture. 

d. Humidifying efficiency. 

e. Cleaning effect. 

6 • What are the several different types of water-cooling towers? 
a. Those with forced draft. 

h. Those with natural draft open to the atmosphere. 

c. Those with natural draft closed to the atmosphere. 

d. Those with combined natural and forced draft. 

7 # What are the different types of air washers? 

a. Spray, b. Wet scrubber, c. Combination spray and scrubber. 
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8 • What is th.e saturation efficiency for an air washer with the conamon 
variations in spray arrangement? 


For three banks, two up-stream and one down-stream .. 100^7 

For two banks, both up-stream - 

For two banks, one up-stream and one down-stream . 85 

For one bank, up-stream 

For one bank, down-stream.. .. .. 65^} 


9 • Upon what air velocity are air washers usually rated? 

500 fpm, through the area above the tank. 

10 • What wet-bulb temperature for the outside air is usually selected in air 
conditioning design when cooling is to be accomplished? 

One which is not exceeded more than 5 to 8 per cent of the time in the locality where the 
plant is to be situated. 

11 • Where should the suction connection be placed in a cooling pond? 

As far below the surface as possible and as far away from the discharge as practicable 

12 • What chemical is used to kill algae formations in spray ponds? 

Potassium permanganate. 

13 • What is the usual amount of spray water delivered to a cooling pond per 
square foot of pond area? 

From 0.1 gpm on small sizes to 0.8 gpm on large sizes. 

14 • What is the usual amount of water delivered in cooling towers per squar 
foot of area? 

From 0.6 to 1.5 gpm. 

15 • About how much water is lost by evaporation in atmospheric cooling? 
About 1 gal per 1000 gal for each degree of cooling range. 

16 # How is freezing obviated in cooling pond sprays? 

The pressure and quantity of water is lowered so that the drops become of increased size 
and do not freeze so readily. 

17 # What is the cause of a high concentration of salts in the cooling water of 
an atmospherically cooled system? 

The constant evaporation of a small portion of the water leaves salts behind to accumu- 
late in the unevaporated water. 
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UNIT AIR CONDITIONERS AND 
CONDITIONING SYSTEMS 


Definition, Advantages and Uses, Functions, Sources of Refrigera^ 
tion and Heat, Types and Locations, Construction of Apparatus, 
Installation, Basis of Equipment Ratings, Calculation of Required 
Capacity, Approximate Costs 


A ir conditioning systems fall into two general types known as the unit 
type and the central type. A unit air conditioner is an assembly of 
parts, such as fans, humidifiers, coils, controls, and other equipment, 
which form a complete unit at the point of manufacture. This usually 
restricts the size of the unit to a capacity below 10,000 cfm. With the 
unit conditioner, the performance is the responsibility of the manu- 
facturer. This is in contradistinction to a central air conditioning system 
which may produce the same results but for which the various parts are 
purchased separately and assembled by the contractor on the job, who 
guarantees the performance of the assembled system. 

Unit Air Conditioner 

A unit air conditioner generally has a capacity less than 30,000 Btu per 
hour for cooling, or 60,000 Btu per hour for heating, to make it suitable 
for the space to be conditioned. If it does not provide simultaneous 
control of at least four of the recognized functions of air conditioning (see. 
p. 201) the apparatus should be classified as a unit heater or unit venti- 
lator (Chapter 13) or as a unit cooler, a humidifier, or a window-type 
ventilator. 

The apparatus, instead of being wholly self-contained, may depend 
upon separately located parts piped to supply heating, cooling, or humi- 
difying mediums to the unit. A duct may supply outdoor air for circu- 
lation, but ducts are seldom used for air discharge and recirculation. 

When the term unit conditioner is applied to such set-ups as the com- 
bination of a filter and a fan in a housing to be used with gravity warm air 
furnaces, or to humidifiers and heating coils to be used with steam or hot 
water boilers to comprise a unified central air conditioning plant, the 
usage of the term is inaccurate ; such devices may be designated as 
accessory units, but this leads to confusion. However, since such accessory 
equipment is used, a description and discussion of its several types are 
given in the next few paragraphs before the main topic of this chapter, 
unit heaters, is taken up. 
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Accessory Central Fan Conditioning Apparatus 

This includes every kind of equipment constituting an accessory^ to an 
existing or new system for warm air heating service, and also certain 
forms of conditioning equipment used with hot water or steam boilers in 
residential service. Some of these accessories provide only a fan and an 
air filter, while others include humidifying and cooling functions. The 
performance of such equipment is influenced by the outside temperature 
and humidity; the conditions surrounding the house or apartment, such 
as construction and exposure to sun; the type of heating system to which 
the apparatus is attached; and the location of the device on the heating 
system. Many of these installations are of limited capacity and effective- 
ness ; conserv^ative manufacturers will be discriminating in their claims 
for added comfort from the use of such equipment, depending on its 
design and functions. 



A feature of the fan-and-filter accessory unit is its availability for 
ventilation in summer; it makes possible a rapid cooling in the evening, 
after the outdoor air temperature has dropped below that of the rooms. 
If the fan is large enough completely to change the air in the building 
served every two or three minutes, the effect will be similar to that from 
so-called attic fans, (see Chapter 13), with the important advantage that 
the air is filtered. Fans of smaller capacity, proportioned only for the 
winter heating duty, may also provide an appreciable measure of cooling. 
Another advantage is improved headroom in the basements of residences, 
obtainable by substituting horizontal ducts for those of comparatively 
steep pitch necessary when gravity air circulation is depended upon. A 
fan-and-filter accessory using a dry-mat type of filter, applied to a warm 
air furnace, is shown in Fig. 1. 

A more elaborate unit (Fig. 2), for use with a hot water heating boiler 
provides heating, humidification, filtering, and positive air circulation in 
winter; the heating coil may be used also in summer with mechanical 
refrigeration or for circulating city water or chilled water from an ice tank, 
to provide cooling and dehumidification. The disposition of fans, the 
cloth filter of bag design, the spray type humidifier, as well as noise 
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elimination features comprising canvas collars at the fan outlets and 
rubber pads under the fan bedplate, are indicated in Fig. 3. The use of a 
single element for both winter and summer functions tends to reduce the 
first cost, although it adds some complications in piping. 

x\nother assembly of air conditioning equipment with a standard 
heating furnace, in this instance burning gas to provide warm air, is 
shown in Fig. 4. The apparatus comprises an air filter, a motor-driven 
fan, and an air washer. No refrigeration is used with this equipment. 



Fig. 2. Unit with Hot Water Boiler 



Fig. 3. Heating and Cooling Unit 
WITH Cloth Filter 


Fig. 4. Gas Fired Furnace Unit 



For oil fuel, the unit shown in Fig. 5 can be installed to obtain filtered, 
warmed, and humidified air. An oil burner and a heat exchanger provide 
the heat. A cooling section may be inserted between the fan and the heat 
exchanger, cold water being circulated through the cooling element. For 
automatic control, a room thermostat is provided to start the oil burner 
whenever the temperature falls. The rising temperature in the heat 
exchanger causes a second thermostat to start the fan. As soon as the 
temperature in the house rises to normal, the room thermostat shuts down 
the oil burner and operates the thermostat controlling the fan. 
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Having disposed of the accessory central fan conditioning apparatus, 
the balance of this chapter will concern only the unit air conditioner as 
defined in Chapter 41. 

ADVANTAGES AND USES OF UNIT AIR CONDITIONERS 

Unit air conditioners are suitable for commercial and comfort applica- 
tions because they permit installation without seriously disturbing the 
building occupants, and they allow rearrangement or a change in capacity 
to suit changed requirements occasioned by new tenants. Tenants may 
even furnish their own installations and remove the apparatus from the 
premises at the expiration of their leases. In some types of buildings, the 
installation costs are lower for unit conditioners than those for central fan 
systems, and costs are further lowered in that there is no need for space in 
which to house a conditioning plant. The choice between unit and 



central systems will, in many instances, require a close study of instal- 
lation conditions at the site, and a preparation of comparative cost 
estimates, in addition to a consideration of the more intangible factors. 

Industrial Uses 

The origin of the unit conditioner, like that of air conditioning itself, 
was in the industrial field for maintaining desired atmospheric conditions 
in rooms or sections of manufacturing plants where structural limitations 
or service requirements made a central system uneconomic. Industrial 
applications continue to offer an important market for unit conditioners, 
in bakeries, candy factories, drug-manufacturing plants, laboratories, 
produce-storage rooms, printing plants, and similar places. 

Commercial Uses 

The most active field for unit conditioners at the present time is in 
commercial establishments, such as barber and beauty shops, funeral 
parlors, retail and specialty stores, and small restaurants, where increased 
patronage or larger purchases per customer offer economic justification of 
first cost and operating expense. 
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The air-handling units installed overhead in Pullman cars, diners and 
coaches, in the middle or at the ends of the cars which discharge the air 
horizontally at the ceiling level, are essentially unit conditioners. How- 
ever, because of special construction to meet space limitations and other 
requirements, they are unsuitable for general use and are not further 
discussed. 

Personal Uses 

The major recent development in the air conditioning industry has been 
in new and improved types of unit conditioners suitable for apartments, 
homes, hotel rooms, and offices. These uses demand apparatus that is 
compact, of unobtrusive appearance and in harmony with the room 
finish and furnishings, quiet in operation, automatic, and reliable. 

As with all new major appliances for the home, problems of relatively 
high first cost, of comparatively rapid obsolescence and of operating 
expense demand the continuous close attention of manufacturers and of 
others interested in developing the potential market. Unit conditioners 
are still distinctly in the pioneering stage where such problems must be 
met and solved if development — especially of residential units — is to 
proceed as fast as it should. Public understanding of residential air con- 
ditioning still requires cultivation in order to dispel fears of possible 
excessive operating costs and of possible high obsolescence due from 
frequent model changes. Progress in this direction is being helped by the 
increasing efforts of manufacturing companies which are now spending 
large sums to insure sound promotion of unit conditioners. Likewise, the 
National Better -Housing Program inaugurated in 1934 is likely to prove of 
real value to the air conditioning industry and to accelerate greatly the 
rate of public acceptance and installation of unit conditioners. 

FUNCTIONS OF UNIT CONDITIONERS 

Unit air conditioners may be classified as the all-year unit, the summer 
unit, and the winter unit. The all-year unit performs all of the functions 
of an air conditioning system; namely, cooling, dehumidification, heating, 
humidification, air circulation, air cleaning — ^with or without a supply of 
fresh air — and a simultaneous control of all functions. The summer unit 
must provide cooling, dehumidification, air circulation, and air cleaning; 
the winter unit must provide heating, humidification, air circulation, and 
air cleaning. Either of these seasonal-use units may or may not provide a 
fresh air supply and a simultaneous control of the functions. 

In some instances, winter-type units equipped with filters for air 
cleaning and with fresh air connections may be operated in summer for 
ventilation, but the system cannot then properly be said to provide 
all year conditioning. It is important that the features and limitations of 
the specific apparatus be carefully explained to a prospective user, so that 
disappointments and complaints concerning operating results may be 
avoided. 

The functions listed are performed by the unit conditioners offered by 
different manufacturers in various ways, some of which appear in the 
following outline. See the next few pages for more detailed explanations 
of cooling and heating theories and methods. 
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1. Cooling: 

By coils, usually of finned type, for direct expansion of refrigerant from a self- 
contained unit or from a remotely-located compressor. 

By coils, of finned type, for brine or cold water from separate refrigeration plant, 
or for cool water from city mains, private wells, or an ice water tank. 

By water sprays. 

By passage of air over ice cakes. 

2. Dehumidification: 

By lowering the air temperature below the dew point, using any of the devices 
outlined for cooling. 

By adsorption materials, such as silica gel or activated alumina. 

3. Heating: 

By coils, usually of finned type, for steam or hot water from system distribution 
mains. 

By electric heating elements. 

By gas burners. 

4. Humidification: 

By evaporating or entraining water by an air current, from wetted surfaces or 
water sprays. 

5. Air circulation : 

By motor-driven fans which discharge air into room at points, in directions and 
with velocities that insure adequate ventilation without drafts; air discharge 
usually through top, at a slight angle from vertical. 

6. Air cleaning: 

By mechanical filters. 

By water washing with sprays. 

By water washing by contact with condensation or by trickling water on cooling 
coils or a mesh cell. 

7. Fresh air supply: 

By air connection from outdoors, usually through adjustable window ducts at 
rear of housing, with mixing dampers for control of volume of recirculated room 
air taken in through louvers at each end. 

8. Control: 

By manual adjustment or automatic regulation, by thermostats or hygrostats. 

SOURCES OF REFRIGERATION 
Mechanical Refrigeration — Direct and Indirect 

In general, mechanical refrigeration uses the low-temperature evapora- 
tion of a liquid to absorb heat in a set of coils. The resulting vapor is 
restored to its original liquid state by compressing and condensing it, 
abstracting the heat by passing water or air over a second set of coils at 
the outlet side of the compressor. Power for compression is usually 
supplied by an electric motor. The apparatus, exclusive of the evaporator 
or cooling coil, is known as a condensing unit. Two methods are available 
for applying mechanical refrigeration to unit conditioners. 

The direct-expansion system provides for admitting the refrigerant 
through a pressure reducing (expansion) valve to the cooling coil, where 
its evaporation causes chilling of the surface over which the circulated air 
passes. Under this method, the equipment cost is low, the refrigerant 
lines need not be insulated, the apparatus is compact, and the operating 
expense is minimized by the avoidance of heat leakage and by the higher 
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permissible suction pressure at the compressor inlet (as compared with 
the indirect system). However, because of possible hazards from leaks, 
direct expansion is usually prohibited in hospitals and places of public 
assembly. 

The indirect-expansion system uses a water-submerged coil in a tank 
near the condensing unit, for evaporation of the refrigerant. The chilled 
water or brine is then delivered under pressure by a motor-driven pump 
for distribution to the cooling coils in the individual unit conditioners, 
returning again to the tank. This avoids the possibility of refrigerant 
vapors, whether toxic or not, leaking into the conditioned rooms. Code 



Fig. 6. Room Cooling Unit 


limitations on the quantity of refrigerant in the air conditioning apparatus 
are overcome, and’a central condensing unit may be made to serve rooms 
on different floors or in remote parts of a building, without violating 
safety regulations. Difficulties that occur with compressor operation at 
less than 50 per cent of rated capacity are avoided through the use of a 
thermostat that shuts down the compressor when the tank water tem- 
perature reaches the set minimum; operation is had at constant suction 
pressure, independent of the number of unit conditioners running. With 
proper choice of temperatures at which the compressor starts and stops 
under thermostatic control, there is less cycling than with the direct 
expansion system. Under favorable conditions, the cooling coil may be 
supplied with steam or hot water for winter heating, thereby simplifying 
the construction of the unit conditioner, although at the expense of some 
complication in valved connections. However, the cold water tank and 
circulating pump take up room, and the cost of suitably insulated dis- 
tribution piping is greater than that of equivalent liquid lines and suction 
returns for a direct-expansion system. 
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Separate Condensing Units 

The separate condensing unit, for mechanical refrigeration with unit 
conditioners that are not self-contained, comprises the assembly, on a 
bedplate, of a compactly arranged compressor with motor, drive, con- 
denser, liquid receiver, and automatic controls. The cylinder jacket of 
the compressor and the condenser may be cooled with water under pres- 
sure, or with air supplied by a fan mounted integrally with the compressor. 
A condensing unit connected to a single unit conditioner is shown in 
Fig. 6. 

Steam-Jet Apparatus 

Steam- jet (vacuum) refrigeration may be used in localities served by 
district steam mains, or in buildings with boiler plants available for 
summer use. While avoiding power-driven compressors, the steam-jet 
apparatus requires an appreciable amount of power for auxiliary pumps, 
and an increased quantity of cooling water to absorb the heat from the 
motive steam in addition to that abstracted from the conditioned rooms. 
Most installations of this type are of large capacity — above 20 tons 
refrigeration — but recently developed equipment is available for instal- 
lations as small as 2 to 5 tons. 

City or Well Water 

Systems installed near the Great Lakes or in other regions where low 
cost cooling water is available in summer may often use this water 
directly in the coils of air conditioning units. In certain other places, well 
water can be obtained in sufficient quantity at moderate pumping 
expense. Restrictions on bulk use of water, or on discharge of large 
volumes into the sanitary sewers may prevent direct cooling. 

Ice 

Two methods of using ice are applicable: direct, with air circulated by a 
fan over ice cakes in an insulated tank within the room served; indirect, 
with an ice-melting tank remote from the unit conditioners, circulating 
chilled water to coils in the units by means of a motor-driven pump. The 
direct method has been employed with portable room coolers for hotel 
guest rooms, hospitals, and residences, where the demand for air con- 
ditioning is moderate and variable with respect to rooms served from day 
to day, and where it is feasible to move the units into a service room or 
kitchen for emptying and icing. The indirect method is identical with 
that common in theaters using ice, except that the water after spraying 
over the ice is pumped to unit conditioners instead of to a central fan 
system. 


SOURCES OF HEAT 


Steam or Hot Water Coils 

The heating coils of unit conditioners for all-year or winter service are 
available for either steam or hot water, supplied at low^ or high pressure 
from building heating plants. Because the relatively high Btu per hour 
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outputs for heating (usually 1.5 to 3 times the rate for cooling), under 
thermostatic control, may produce disturbances in small heating systems, 
it is usually necessaiy- that two-pipe steam systems operate at all times 
above atmospheric pressure, and that hot water systems have forced 
circulation with a pump. Unless the room space occupied by radiators 
in an existing building is needed for the unit conditioners or for other 
purposes, it is preferable that some or all of them be retained, so that the 
unit conditioners need supply only sufficient heat to permit their satis- 
factor\^ operation for humidification. 

Electric Elements or Gas Burners 

Where energy is available at low cost, electric heating elements may be 
used in place of steam or hot water coils for winter service. Evaporation 
of water for winter humidification may likewise be accomplished electri- 
cally. More uniform control of temperature and humidity is practicable 
with electricity, because the heating elements may be divided into sections 
separately connected through thermostatically controlled switches. 
However, wiring connections must be larger than needed for summer 
conditioning with a compressor built into the unit; for instance, the 
power for a unit rated at 24,000 Btu per hour for winter heating is about 
seven times that used for 12,000 Btu per hour of summer cooling by the 
same unit. 

A new unit conditioner employing the adsorption method for summer 
dehumidification is fitted with gas burners for winter heating. A part of 
the humidification is supplied by the water vapor resulting from com- 
bustion of hydrogen in the gas fuel, and the remainder by evaporation 
from a heated- water receptacle. 

TYPES AND LOCATIONS OF UNIT CONDITIONERS 


Fixed 

The majority of unit conditioners are designed for floor mounting, 
preferably under windows. However, when radiators for winter heating 
occupy the window space and it is not desired to shift them or to eliminate 
them by using all-year type floor units, the location may be against 
interior partitions or alongside permanently situated furniture. In all 
cases care must be taken to insure that the direction of the air discharge 
will not cause drafts that may be objectionable to occupants. When out- 
door air for ventilation is taken through the unit, the under-window 
position is advantageous, since it permits using a short inlet duct from 
louvers in a filler panel permanently inserted beneath the raised lower 
sash. 

Ceiling or wall-mounted units may be used in commercial establish- 
ments, when floor space is at a premium. They generally secure refri- 
geration from a remotely placed condensing unit and are designed for 
support by means of hanger rods. It is often possible to conceal them in 
adjoining closets or workrooms, with the air discharge louvers fixed in the 
intervening wall ; this makes it easy also to conceal the piping connections 
and wiring. In stores, suspended type units may conveniently be placed 
over the housed-in show windows. 
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Portable 

Portable summer-function units mounted on rubber-tired casters or 
rollers can be obtained in the smaller capacities up to about 9000 Btu per 
hour. They may have built-in compressor units using city water for 
jacket and condenser cooling, or they may employ ice or low temperature 
city water. Hose connections for water supply and return, and for con- 
densate drains, are needed in addition to a plug-in electrical connection. 
It is expected that a market for such units can be developed in hospitals, 
hotel guest rooms, and residences. 

Special Types of Units 

The field for unit conditioners has been extended by the appearance of 
small low-cost devices for comfort cooling that localize the cooling effect 
to the immediate vicinity of the user. These include bed tents and robe- 
type coolers, which require motors not larger than Y 2 hp. The tent is 
suspended from a bracket attached to the bed frame, and the cooler 
placed alongside is connected to it with a short collar for the air discharge. 
The robe-type device is intended for barber and beauty shops; it works 
on the same principle. Besides handling much smaller quantities of air, 
these expedients achieve economy because they operate only when 
required for the comfort of the user. 

Reversed Refrigeration Heating 

All-year unit conditioners that utilize their refrigeration apparatus for 
winter heating by the principle known as reverse refrigeration cycle, are 
being developed. A detailed explanation of this system is given in 
Chapter 39. For regions rarely having winter temperatures below 
freezing, there is believed to be a considerable field of application for such 
equipment. The heat delivered to the room will range between 2.5 and 
3.5 times the equivalent of the electrical power taken by the motor, 
depending on the outdoor temperature. The gain is, of course, derived 
from the ambient air, requiring an inlet and an outlet duct for passing a 
considerable volume. Lower rates for energy may sometimes be obtained, 
under the resulting improved annual load factor, when both cooling and 
heating are provided electrically. 

LOCATION OF UNITS, AIR FLOW PATHS 

The number of units, the availability of space, and the convenience of 
making piping, wiring, and duct connections, which involves the location 
of outside cooling, heating, and power sources, must be considered in 
choosing locations for the units, as must the positions of persons, furni- 
ture, and materials in the space to be conditioned, and the requirements 
of air distribution. 

The most important of these considerations is air distribution, and units 
should be so located as to secure uniformity in all parts of the room 
whether the application is for comfort conditioning or for industrial uses. 
The discharge of cooled air, in general, should be upward immediately at 
the conditioner, with sufficient horizontal component to carry to the uaost 
remote point; return to the inlet of the unit, which occurs below the 
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breathing line and along the floor, should be at low velocity. The location 
of doorways, air vents, and sources of heat should be studied, as they have 
a marked effect on air flow and on temperature uniformity. Infiltration 
through leaky windows with certain wind directions likewise disturbs or 
restricts the circulation of air from the unit conditioner, and frequently 
causes cold spots by preventing diffusion at the ceiling. Velocities below 
the breathing line should be kept low — not over 40 to 70 feet per minute; 
in this range, an anemometer will not work, and the Kata thermometer 
must be used for testing purposes. 

CONSTRUCTION OF APPARATUS 
Description of Typical Units 

The types and designs of air conditioning units proposed or in produc- 
tion are legion; new designs are constantly appearing, with a tendency 
toward better mechanical construction and a wider range of application. 
However, nearly all types now commercially available utilize mechanical 
refrigeration or cold water for summer cooling, and consequently the 
descriptions below are limited to such equipment, using electric power. 
Illustrations of current makes and models will be found in the Catalog 
Data Section of this volume. 

Fig. 7 shows an all-year, floor-type unit for direct expansion of re- 
frigerant supplied by a remotely located compressor; with modifications, 
the cooling coil can be used with chilled water. The fans below the 
separate cooling and heating elements deliver the air against deflectors 
that give distribution across the element face, and the usual drip pan for 
condensation is provided. Separate elements for heating and for cooling 
possess the advantage of allowing the former to be connected to the 
source of heat with piping entirely separate from the refrigerant lines to 
the cooling element, with no cross-connections. Thus the unit may be 
used for warming in the morning and for cooling later in the day, if 
desired, without manipulation of valves. When this unit is installed for 
cooling only, the heating element is omitted. 

A summer-function unit with fans above the cooling element is shown 
in Fig. 6; a condensing unit, with schematic diagram of refrigerant piping 
and wiring, is included. This air conditioning unit, as well as that in 
Fig. 7, when housed in an ornamental cabinet, is suitable for high grade 
residential or commercial installations. 

An entirely different arrangement, shown in Fig. 8, places both the air 
inlet and the discharge at the top of the unit. The fan in the upper 
portion at one side discharges the air toward the bottom, where it turns 
and passes horizontally through an air washer equipped with atomizing 
sprays. The path continues vertically upward through eliminators, 
cooling surface, and heating surface before leaving the unit. With steam 
or hot water connected to the heating element, tempered water to the 
sprays, and refrigerated water to the cooling element, this unit gives con- 
trolled temperature, humidity, air cleaning and air movement in both 
summer and winter. Air washing may be continued in summer to 
remove room odors. Acoustical treatment of the housing and the outlet 
baffles permits installation where the noise requirements are exacting. 

One of the most recently developed units, designed particularly for low 


207 



American Society of Heating and Ventilating Engineers Guide, 1935 


cost installations, is shown in Fig.9. The twin fans with wheels, mounted 
on extensions of the motor shaft, take air from the floor and send it 
downward through a passage containing a water spray. The direction of 
flow is then reversed, the air passing through a double set of coils for 
cooling or heating, and leaving the cabinet through a top grille. The 



Fig. 7. Floor Unit for Heating and Cooling 



spray nozzles are supplied with city water, the excess collecting in the air 
reversal chamber, which has a drain. The cooling coil uses water from 
the city mains or other low- temperature source; alternatively, direct 
expansion of refrigerant from a motor-driven condensing unit can be 
utilized. The unit provides all-year functions, the cleaning being accom- 
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plished by the spray in winter and by contact with the wetted cooling coil 
in summer. Automatic electrically operated controls for water flow, 
steam flow, temperature, and humidity are optional. ♦ 

For industrial applications, the floor-type unit, Fig. 10, or the ceiling- 
type, Fig. 11, may be used. The former has a galvanized steel casing that 
encloses the cooling and heating elements, with fans mounted above them ; 
the air discharges from the top through 90-degree elbow ducts, which 
deliver it in a nearly horizontal direction. The operating motor for the 
fan is carried on a bracket at one side, and at the bottom a condensate 
drip pan is provided; space between the pan and motor bracket is utilized 



Fig. 9. All-Year Type Unit 
Conditioner 



Fig. 10. Industrial Floor Type 


for traps and valves. This unit does not wash or filter the air, nor is a 
fresh-air supply provided for ventilation; thus only cooling, dehumidi- 
fication, and circulation can be accomplished in summer, and heating and 
circulation in winter. 

The ceiling type, Fig. 11, is primarily for summer use, although when 
supplemented by a r^ular heating system it can accomplish a limited 
amount of humidifying in winter. The apparatus consists of an air washer 
with the usual water sprays, eliminator plates, and air circulating fan, 
designed for suspension from the ceiling. The air supply is taken from 
the room through the intake register, passes through the water spray and 
eliminators, and is delivered back into the room through the discharge 
outlet equipped with adjustable lotiv^s. The refrigeration unit may be 
located at any conveni^t point and the cooled water circulated to and 
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from the conditioner through pipes at the ceiling, so that no floor space is 
lost. This style of unit is for industrial and large office installations. 
Where the appearance on the ceiling is objectionable, the unit may be 
placed at some other location, using a compact duct system for the air to 
and from the conditioning unit. 

In the following paragraphs, typical forms of construction are outlined. 
Many variations of these have been used, and modifications or entirely 
new details are constantly being introduced. The^ Catalog Data Section 
illustrates and describes the current designs of leading equipment manu- 
facturers. 

Cabinets, Registers 

Cabinets are made of furniture grade sheet steel suitable for pressing in 
panels, protected by corrosion-resistant priming coatings. The design is 
such as to permit access to the equipment, which is independently sup- 
ported on a frame or chassis. Heat insulation of either rigid or flexible 



type, to prevent sweating in summer or overheating in winter, is used, 
particularly with thermostatic controls that start and stop the fans 
without affecting the supply of heating or cooling medium to the coils. 
Sound-deadening is equally important, to avoid vibration or drumming 
effect of the panels. The finish of commercial and residential units is 
usually in imitation of wood grain, or may be in solid color to harmonize 
with room finish and furnishings. 

Outlet registers are generally placed in the top of the cabinet to direct 
the air at an angle approximately 30 degrees from the vertical. ^ They 
should be proportioned to maintain sufficiently high air velocity for 
preventing a local cold spot caused by too short a flow circuit in the room. 
Types that give ejector action, entraining some room air and propelling 
the mixture a considerable distance away from the unit, are preferred. 
Return-rair registers should act as sound-deadeners and serve to hide the 
internal mechanism. 

Motors 

Motors are usually of the capacitor or repulsion-induction types, single- 
phase. However, in sizes 5 hp and larger, three-phase will ordinarily be 
preferable; this will depend on character and capacity of service facilities 
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available. Special designs giving low starting current, silent running and 
(in the case of compressor motors) high starting torque, are essential. 
Features to minimize lamp flicker and radio interference must be incor- 
porated. coordinated with characteristics of the compressor. For auto- 
matically controlled units, two motors (with sequence relay for con- 
secutive starting) are sometimes direct-connected to the load, for holding 
the current inrush to a low value, when the starting torque of the driven 
equipment permits. Devices known as suction unloaders, permitting 
large air or refrigeration compressors to come up to speed without load, 
involve too much complication for the size of apparatus used with unit 
conditioners. 


Refrigerants 

The choice of refrigerants for a direct-expansion system is limited to 
non-toxic, nearly odorless fluids — principally methyl chloride, freon or 
iso-butane. Local ordinances and fire regulations prescribe the maximum 
quantity of refrigerant in a system for residential and usual commercial 
requirements. Indirect systems may use ammonia, sulphur dioxide or 
carbon dioxide, since the equipment and piping can then be isolated, 
remote from the conditioned rooms. 


Compressors, Condensers, Cooling Coils or Evaporators 

Compressors of the multi-cylinder reciprocating or rotary designs are 
preferred, as they minimize starting troubles and lamp flicker. Gland or 
shaft-seal leaks, with freon or methyl chloride, must 1^ provided against, 
because of the difficulty in detecting leaks before the refrigerant charge is 
lost ; this is especially important when the pressure in the crankcase tends 
to rise after the compressor shuts down. V-belt drives from motors permit 
the compressor and motor each to run at its most economical speed, and 
provide desirable resilience at the instant of starting. 

Condensers for water cooling are of either the double-tube or shell-and- 
tube types, with the latter preferred when the water carries dissolved or 
suspended solids; provision for opening and cleaning should be made. 
Air cooled condensers usually are supplied with air by propeller fans 
integral with the compressor flywheels or mounted on the compressor 
shafts. 


Evaporator coils, in units using direct expansion of the refrigerant, also 
constitute the cooling coils over which the air flows to be cooled and 
dehumidified. They are constructed of metal suitable for the refrigerant 
used, and have fins- on the exterior to increase the heat transfer per unit 
length of tube. The arrangement and amount of surface provided, in 
relation to the maintained refrigerant temperature, the initial tempera- 
ture and dew point of the air, and the rate of air circulation over the coil 
determine the final air temperature and thus the amount of^dehumich- 
fication secured. With indirect refrigerating systems, the cooling Coils in 
the units are usually somewhat larger, because the cooling fltiud (water or 
brine) is at a higher inlet temperature; the evaporator in this case is 
remotely located (with the <x>ncfensmg ujiit) and serv^ to cbM the water 
or brme circulated by u pump toJ^e coilsi in ,the uijit oopd^ 

; ^CbBection of wafe copden^d mi coolihg wSb requires a drip pan, with 



American Society of Heating and Ventilating Engineers Guide, 1935 


ejector operated from the city water supply used for winter humidi- 
fication or for cooling the condenser. In some cases, a condensate storage 
tank to be emptied manually, or a motor-driven pump, is supplied. 
Eliminator baffles may be provided immediately below the outlet grille to 
intercept any drops of water picked up by the air current. 

Humidifiers 

Humidification in unit conditioners may be accomplished by sprays 
using cold or heated water at city main pressure, or by water trickling 
over heated surfaces or a mesh filling. The design must provide for sup- 
plying the heat of evaporation, and for exposing to the air current a 
sufficient area of water film. This requires a considerable excess of water, 
which may be wasted to a drain or recirculated by a pump ; with the latter, 
periodic flushing of the system must be practicable, to dispose of the dirt 
removed from the air. When considerable amounts of fresh air are 
provided by the unit conditioner or enter by infiltration, the quantity of 
water to maintain the desired humidity is greater than when the unit 
merely recirculates and the room has only moderate leakage. In the 
latter case the humidifier can be small, since only a slight amount of 
moisture is supplied to the air with each passage through the unit. 

Fans, Fresh Air Supply 

Fans are usually of the centrifugal type with scrolls, inlet cones, blades, 
and tip speeds designed for quiet operation. Compactness and uniform 
distribution of air across the width of the coils and grilles are obtained by 
using two or more fans in parallel, the rotors mounted on a common shaft 
or on a double-end extension of the motor shaft. Housings and deflectors 
(if used at the fan outlets) may be acoustically treated. Propeller-type 
fans are sometimes used, although more difficult to make quiet. Efficiency 
is a secondary consideration, because the motors are of small fractional- 
horsepower sizes. 

Fresh air supply connections are usually through a fixed panel inserted 
in a window frame between sill and lower sash; this has a louvered and 
screened opening, connected with a metal duct to the space in the cabinet 
at the inlet side of the fans. A manually adjustable damper regulates the 
proportionate volumes of recirculated and fresh air. 

Filters 

Air cleaning devices include filters of glass or metal wool, cellulose, felt, 
or woven fabric; they are usually of the renewable cartridge type, designed 
for low air resistance. Types especially effective in the removal of hay 
fever pollen are desirable. An alternative device is a water spray also 
serving as a humidifier in winter, or when supplied with chilled water, as 
a cooler and dehumidifier in summer. The fins on cooling coils, auto- 
matically wetted by condensate obtained in dehumidifying the air, are 
also employed in some types. Complete removal of tobacco smoke is not 
possible with any type of filter or washer used in unit conditioners; the 
limited amount of ventilation air in summer, admissible from the oper- 
ating cost standpoint, often results in a smoke haze. The only remedy is 
increased ventilation, with consequent higher operating expense; the air 
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outlets should be near the ceiling, to tap the upper stratum where the 
smoke is most dense. 

Heating Coils 

Heating coils are generally of the extended-surface type for compact- 
ness, and may be designed for any pressure of steam available, or for 
forced circulation hot water — usually about 180 F. Some types of heating 
systems, both hot water and steam, are unsuited to unit conditioners, 
especially when thermostatically controlled, because of the resulting 
sudden changes in load. Gravity-circulation hot water systems must be 
converted to forced circulation, if unit conditioners are to be connected, 
and steam systems must always operate at pressures above atmosphere. 

Manual and Automatic Controls 

Manual control is generally used with unit conditioners, because of the 
high cost of reliable automatic controls. Fan and compressor motors are 
started and stopped by individual switches. Fluids for the heating and 
cooling coils are regulated with manual valves, generally permitting the 
flow to continue regardless of whether the fan is operating; with this 
arrangement, adequate heat insulation must be provided within the 
cabinet, and the size of the unit conditioner in a room is limited to that 
which will give the minimum required heat supply by gravity air circu- 
lation through the conditioner when the fan is stopped. 

Automatic controls consist of a thermostat for room temperature and a 
hygrostat for humidity. The former starts and stops the fan in the unit 
conditioner, thereby controlling the supply of cooled or warmed air to the 
room. A hygrostat is not usually supplied, because of high cost and 
imperfect reliability of types now available; when used, it is connected to 
the valve admitting water to a spray- or trickle-type humidifier, or to a 
refrigerant supply valve controlling a supplementary section of the cooling 
coil. The best arrangement is one that permits the full capacity of the 
compressor to be utilized for either sensible heat removal or dehumidi- 
fication, based on the principle that the compressor capacity varies 
approximately as the temperature of the refrigerant in the cooling coil. 
Compressors are started and stopped by pressure switches on the dis- 
charge (high pressure) side. Water supply to the compressor jackets and 
the compressor is turned on and off by a solenoid valve energized when 
the compressor motor starts. Refrigerant supply to the cooling coil 
(constituting the evaporator) is usually regulated by a thermostatic valve, 
as a function of the refrigerant outlet temperature, or by a flow valve that 
tends to hold a constant level in the liquid receiver. 

INSTALLATION OF UNIT CONDITIONERS 
Piping, Wiring, Ducts 

Piping connections for water and steam are made preferably with 
corrosion resisting material, usually brass or copper. Light weight rigid 
tubing with sweated joint fittings has advantages over threaded construc- 
tion. Flexible copper tubing with compression type connections may be 
used in the smaller sizes (up to in* dia.), as it lends itself to conceal- 
rnent in existing wadis at otl^ places difficult of access; distribution of the 
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refrigerant from a remotely located condensing unit is usually made with 
such flexible tubing. 

Wiring connections should be made using modern materials and 
methods, such as will receive approval of local inspection authorities 
having jurisdiction. For portable conditioning units with built-in com- 
pressors, particular care should be taken to select rugged receptacles and 
plugs; waterproof flexible cords are recommended because of the pos- 
sibility of water leakage from adjacent hose connections or by overflow 
from the unit if the drain becomes stopped. 

Ducts for outgoing air supply, usually from nearby window openings, 
present no particular problems. 

Workmanship 

The requirements as to workmanship for installation of unit con- 
ditioners are exceptionally severe; this is particularly true for work in 
high grade offices and residences, in occupied quarters. Handling of the 
materials and the cutting, patching, and refinishing invariably demand 
neatness, accuracy, and planning that the ordinary mechanic is un- 
familiar with, so that close supervision must be given. 

BASIS OF EQUIPMENT RATINGS^ 

While no uniform standard for rating unit air conditioners has yet been 
adopted, manufacturers generally give a definite rating for each size unit, 
based on the volume of air handled by the fan for cooling; the rating is 
stated in Btu per hour at a given dry- and wet-bulb temperature of air 
entering the unit, with a given refrigerant temperature maintained within 
the coil, resulting in a stated relationship between sensible and latent heat 
removal. The temperature of the cooling water or air supply for the 
condensing unit is also involved. The duty for heating service is likewise 
given in Btu per hour with 70 F room temperature, for a stated steam 
pressure or hot water temperature (usually 180 F) . Humidifying capacity 
is based on hourly weight of water evaporated. The Catalog Data Section 
in this volume gives the ratings of current models offered by leading 
manufacturers. 

METHODS OF CALCULATING REQUIRED CAPACITY 

In estimating the load for unit air conditioning apparatus, a survey 
should be made of the surrounding conditions and the heat quantities 
calculated. The climatic conditions representing the maximum loads to 
be designed for should be carefully determined. 

Cooling Loads 

For cooling loads served by unit conditioners, the factors for heat gains 
and losses are the same as apply to central fan systems. The sensible 
heat gains are from the following sources: 


iRefer to the standard ratings of air conditioning equipment of the National Electric Manufacturers 
Association. 
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a. Sun effect. 

b. Transmission through walls, floors, ceilings, glass, and roofs. 

c. Infiltration, including ventilation air. 

d. People. 

e. Lights. 

/. Electric motors and appliances. 

g. Steam and gas appliances. 

h. Miscellaneous heat sources. 

The latent heat load, usually determined separately, comes from 
dehumidification of the air and from people and materials. The method 
and facto*rs to be used are outlined in standard texts and in manufacturers' 
handbooks. 

Rated capacity for direct-expansion refrigeration units should include 
an allowance for the heat equivalent of the fan-motor input, plus the 
portion of the power to the compressor not removed by the cooling water. 
For indirect-expansion systems, allowance should be made for heat 
pickup by the refrigerant circulating lines, or for the pickup by a chilled- 
water or brine-storage tank and for the shaft-horsepower input to a 
circulating pump, if used. 

As a rough approximation, the refrigeration tonnage required for unit 
conditioners serving rooms devoted to various uses may be assumed as 
follows : 


Ttpis of Rooms 

Cu Ft per Ton 

Cafeterias, lunchrooms 

1000 to 1500 
1200 to 1800 
1500 to 2000 
1800 to 2400 
2000 to 3000 
2500 to 4000 

Barber and beauty shops, dance halls 

Dining rooms, crowded retail stores - - 

Theaters 

General offices, club rooms, retail stores, funeral parlors.— 

Banks, brokers’ offices, private offices, residences 


Obviously, there will be many cases to which the mentioned limiting 
values do not apply. A calculation of the cooling load, based on an 
accurate survey, should always be made before recommending the size of 
an installation or naming a cost figure. 

Heating Loads 

Heating loads are calculated in the usual manner, as outlined in 
Chapter 7. Allowance must be made also for the latent heat supplied to 
the water for humidification, when the infiltration or ventilation air 
quantity is large. 

APPROXIMATE COSTS 
Equipment and Instaffatfon 

Floor type all-year, unit a>nditk>ucrs, corqpletely self-contained and 
equipped with motor-<Mven lO^mprc^ors controls, 

rated at''^iK>ut,12,fM)i0 fetu per^hq^ri;fq^^.,<^li^:ycc^':^0(l'orvtnore at the 

charges, in- 
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eluding expense for piping, wiring and fresh-air ducts, amounting to 
between $75 and $150, with perhaps $50 additional if overtime work is 
necessary to avoid inconveniencing the occupants of offices or other 
quarters. 

A similar unit without compressor, using chilled water or direct- 
expansion refrigerant from a remotely located compressor, costs $175 or 
more at the factory. Installation expense is somewhat greater than for 
the self-contained unit, because the refrigerant piping costs more than is 
saved by the reduction in wiring. Omission of the heating coil, confining 
the unit to summer functions only, lowers the price by $25 to $100. 

For smaller units, rated between 6000 and 8000 Btu per hour, ^providing 
all-year service and equipped with motor-driven compressors, the price 
ranges from $325 to $450 at the factory. Larger units, rated at about 
24,000 Btu per hour for cooling, cost between 25 and 45 per cent more 
than the 12,000'Btu per hour size. Delivery and installation expense 
for either of these sizes does not differ more than 25 per cent from that 
of the 12,000-Btu per hour unit. 

Industrial- type conditioners, either floor or suspended models, are 
usually made only in ratings of 20,000 Btu per hour and higher; omission 
of expensively finished cabinets and other differences reduces the cost con- 
siderably below that of corresponding sizes of commercial and residential 
types. 

Condensing units completely assembled on bedplates, especially 
adapted to serve one or more unit conditioners, are available. They com- 
prise a motor, compressor, condenser, liquid receiver, and control devices, 
and they are arranged for water cooling or are equipped (in the smaller 
sizes) with fans for air cooling. Prices for representative sizes, including 
motors but not starting equipment, are as follows : 


Btu per Hour 

Factory Price 

Installation Cost 

8,000 ! 

$275 and up 

$60 and up 

12,000 

325 and up ^ 

65 and up 

36,000 

575 and up 

80 and up 

60,000 

800 and up 

90 and up 

120,000 

1100 and up 

1 125 and lip 

1 


These prices are for water-cooled types; air cooling adds $25 to $50. 
Installation cost includes transportation, foundations, wiring, starting 
equipment, cooling water piping or air ducts, and sound-deadening 
insulation. Refrig’erant connections from liquid receiver and compressor 
suction to unit conditioners are not included. For office buildings and 
similar occupied quarters, overtime labor may increase the cost. 

The prices given represent net cost to the ultimate purchaser. Although 
roughly indicative of the present-day market, they should not be used as 
a basis of a specific estimate or an appropriation, because designs, ratings, 
and prices vary considerably between makers and in different parts of the 
country. Transportation and installation expense is even more variable, 
depending upon freight rates, wage scales, and particularly on the con- 
dition of the building and the adequacy of existing piping and wiring 
systems to which the unit conditioners are to be connected. Furthermore, 
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the industry is in a state of fairly rapid development, so that any general 
cost figures should be used with caution. 

Operation 

For a 24,000-Btu per hour unit operating at full load for summer 
cooling, with electricity at S0.05 per kwh and 70 F city water at $1.50 
per 1000 cu ft, the hourly electric and water expense works out to $0.14. 
Under climatic conditions representative of a large part of the country, 
the load factor, during the 10 hours’ daily operation required, averages 
50 per cent; this gives a daily operating cost of $0.70. The seasonal cost 
for localities requiring, for example, 1000 hours of operation (at 50 per 
cent load factor) then becomes $70. To this should be added main- 
tenance and fixed charges of 25 per cent (based on about a five-year useful 
life) on an investment around $1200. The over-all expense for owning and 
operating is thus of the order of $370 per year. Such a cost may be 
incurred, in a climate like that of New York City, by the owner of a home 
in which at least the living room, the dining room, and a bedroom are 
cooled with unit conditioners served by refrigerating equipment of the 
mentioned capacity. 

This expense may be compared with the cost of winter heating, com- 
puted by adding annual fixed and maintenance charges to cost of fuel, 
attendance, and other items. The comfort attainable in hot, humid 
weather is so welcome that these costs will undoubtedly be looked upon as 
reasonable by an increasing number of people, as they become personally 
familiar with the value of the service rendered by modern air conditioning 
equipment. Exposure to such comfort in commercial establishments, 
railroad trains, and other public places will unquestionably tend to 
increase the demand for home installations at a greater rate each year. 
The developments in equipment for the type of service described have 
been rapid during the past few years and the latest models may be seen 
in the Catalog Data Section. 


PROBLEMS IN PRACTICE 


1 • Are unit conditioners necessarily self-contained? 

No. The heating medium is always supplied from a separate plant, and the refrigerant 
for cooling and dehumidification may come from a separately located compressor or 
other supply source. 

2 # Are ducts used with unit conditioners? 

Yes. Usually a short connection for fresh air intake is made to an adjacent window 
or wall opening. Occasionally ducts are required for return air and for discharge, when a 
unit is located near the room served but not within it. 

3 # What is the meaning of the term condensing unit in relation to unit air 
conditioners? 

A condensing unit is the assembly, on a bedplate, of a compactly arranged refrigeration 
compressor, motor, drive, condenser, liquid receiver, and automatic controls used for 
supplying the refrigeration. 
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4 • Why are metal surface cooling elements instead of liquid spray chambers 
used in the design of most unit air conditioners and unit coolers? 

The first cost of the surface cooling type of unit is considerably less than the cost of 
spray type equipment. Further, the requirements of many industrial air conditioning 
jobs and of all comfort cooling jobs where unit equipment is applicable can often be 
effectively met with the use of surface type units, with a reduction in the space required 
for making the installation. Where space conditions are especially limited, the cross- 
sectional area of the surface cooler can be reduced because the resulting increase in 
velocity over the coil surface increases the effectiveness of the surface, whereas an 
increase in velocity through a liquid spray would reduce its effectiveness. 

5 • Why are air conditioning units with metal cooling surfaces not desirable 
for all industrial jobs? 

Wherever unusually close control of relative humidity is required, a spray type unit will 
prove to be more satisfactory. Relative humidity control and accurate temperature 
control, however, can be maintained without difficulty with the use of metal surface 
units. 

6 • Why is accurate control of relative humidity with surface coolers more or 
less complicated? 

A surface cooler cannot add moisture to the air, and moisture is removed only when the 
surface temperature is below the entering dew-point temperature. Any change in 
condition of the entering air will result in a change in the dry-bulb depression of the 
leaving air. This change in entering condition requires not only a readjustment of the 
air volume but also a change in the coil temperature, if accurate control over the relative 
humidity is to be maintained. 

7 • What in general are the characteristics of unit conditioner operation 
using surface coils? 

For a constant entering dry-bulb temperature and a constant refrigerant temperature 
any increase in the entering wet-bulb temperature will produce a rise in the leaving dry- 
bulb temperature with an accompanying reduction in the wet-bulb depression of the 
leaving air. The sensible heat removed by the unit decreases and the latent heat in- 
creases, while the total heat removed also increases. When the dry-bulb temperature of 
entering air is increased, with constant refrigerant temperature and constant wet-bulb 
temperature of entering air, the wet-bulb depression of the leaving air increases, and 
since it is this depression which determines the maintained relative humidity it must be 
carefully considered when selecting the unit. 

8 • If a drop in the dry -bulb temperature of entering air reduces the capacity 
of the unit, is there not danger of selecting a unit which is too small, if its 
selection should be based on an excessive entering dry-bulb temperature? 

Yes. If the total cooling load is largely internal (such as from occupants and lights) as 
distinguished from the cooling load of outdoor air, and the unit is selected on the basis 
of a too high dry-bulb temperature of entering air, then, in the event of under capacity, 
it might be possible to maintain the room temperature by reducing the quantity of out- 
door air. But this increases the recirculated air taken into the unit, reducing the dry- 
bulb temperature of entering air and, therefore, reducing the sensible heat capacity of 
the unit. This reduction in capacity may offset the gain obtained by reducing the 
amount of outdoor air taken in. Further, since the total tonnage required for any instal- 
lation is equal to the total internal heat load plus the total heat removed from the out- 
door air, and since the outdoor air might have a wet-bulb temperature equal to the 
designed wet-bulb but less than the designed dry-bulb temperature, then the sensible 
heat capacity of the unit will be less than that required. It follows that unit air con- 
ditioners and coolers should not be selected on a basis of the maximum possible dry-bulb 
temperature of entering air. 
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Chapter 13 


UNIT HEATERS, VENTILATORS, 
AND COOLERS 


Types of Unit Heaters, Heating Media, Entering and Delivery 
Temperature, Output of Unit Heaters, Direction of Discharge, 

Boiler Capacity, Direct-Fired Units, Unit Ventilators, Split and 
Combined Systems, Location of Unit Ventilators, Capacities, 

Attic Fans, Unit Coolers 

A UNIT heater consists of the combination of a heating element and a 
fan or blower having a common enclosure, and placed within or 
adjacent to the space to be heated- Generally, no ducts are attached to 
the inlets or outlets. A unit ventilator is similar in principle of operation 
to a unit heater, but is designed to use all or part outdoor air with or 
without alternate provision for handling recirculated air. Unit heaters 
are designed mainly for factory and industrial use, whereas unit venti- 
lators are intended largely for school and office ventilation and heating. 

Unit heaters and unit ventilators are designed to: 

1. Circulate the air in the building at a rapid rate. 

2. Reduce the temperature differential between floor and ceiling. 

3. Direct the heated air so as to accomplish the positive and rapid placing of the 
heat where it is effective. 

4. Remove the cold stratum of air from the floor. 

TYPES OF UNITS 

There are many types of unit heaters available. Most of them employ 
convectors to be supplied with steam or hot water. Some are mounted on 
the floor, whereas others are designed for suspension overhead. Heating 
surfaces in the form of steel pipe coils, non-ferrous tubes or shapes with 
extended surfaces, cast-iron, and pressed and built-up sections of the 
cartridge or automotive type are all used in unit heater construction. 

Among the unit heaters available are types designed especially . for 
industrial purposes having from one to four warm air outlets per heater 
which may be arranged to discharge in selected directions and which will 
project their heating effects over distances of from 30 to 200 ft from the 
heater, depending upon the capacity of the heater and upon the design of 
the fan and outlets. Because these heaters have been satisfactory when 
placed as far as 400 ft from each other, it is possible to select the heater 
location best suited to the production layout in factories. There are 
available propeller fan type heaters of smaller capacity with outlet 
velocities of from 300 to 800 fpm, and these may be placed from 30 to 
100 ft apart. 
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Note . — ^To determine capacity at any steam pressure and entering temperature, multiply constant from table by rated capacity at 00 F entering and 2 lb pressure. 
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HEATING MEDIA 

The convectors in unit heaters or ventilators may be supplied with 
either hot water or steam. When water is used, it should be circulated 
mechanically, and the pumpage rate and friction loss should be based 
upon test data from the particular unit to be employed. The heat output 
of a given heater will be less when using water than with steam, even at 
the same temperature. 

Either high or low pressure steam may be used, but the proper venting 
of air and the prevention of flash steam from the condensate in the 
returns become increasingly troublesome as the steam pressure increases. 
The use of properly constructed traps with some reliable form of ther- 
mostatic air by-pass solves the first of these problems, while proper 
venting or the use of condensing legs solves the second. Increasing the 
return temperature tends to increase return line corrosion, especially at 
points where overheated condensate or steam are led into a line. 

When low pressure steam is used with unit heaters and ventilating 
units it is highly important that proper means be provided for taking care 
of the heavy condensation. They should not be applied to low pressure 
gravity return systems except where the difference between the heater 
level and the boiler water line is large enough to compensate for the 
pressure loss through the convector at its highest possible condensation 
rate. The use of vacuum or return pumps and receivers is advisable, 
with jobs of any considerable size, as the surest way of taking care of 
condensate and at the same time providing for proper venting of the 
units directly into a vacuum return line system, or into an open vented 
return system, the latter having some advantage in preventing the 
formation of any vacuum in the unit itself, which sometimes tends to hold 
up condensate and cause freezing. 

ESTIMATING HEAT LOSSES 

The heat losses of a building to be equipped with unit heaters are 
determined in the same manner as for any other heating system, excepting 
so far as the unit heaters may prevent air stratification and thus reduce 
the temperature difference between the ceiling and floor. (See Chapter 7.) 

Unit heaters may be arranged to recirculate the air or to supply warmed 
air from the outside for ventilation or to make up air exhausted. 

If all or a part of the air is to be taken in from out-of-doors, the heat 
necessary to warm this air from the outside temperature to the inside 
temperature must be added to the transmission or other losses. Units of 
the number and size needed to furnish the total heat required are then 
selected from the manufacturers’ rating tables, using these ratings at the 
steam pressure to be used and at the temperature at which the air will 
enter the convector. 


AIR TEMPERATURES 

For recirculating heaters with intakes at the floor level, the temperature 
to be maintained in the room should be used as the temperature of the air 
entering the heater. Where suspended heaters are used without any 
intake boxes extending down to the floor level, a higher entering air 
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iVo/e . — ^To determine capacity at any steam pressure and entering temperature, multiply constant from table by rated capacity at 60 F entering and 2 lb pressure. 
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temperature should be used than that at which the room is to be main- 
tained. With suspended heaters taking in air at some distance above the 
floor, the temperature variation from floor to ceiling may reach as much 
as 1 deg for each foot of elevation during periods when the maximum 
capacity of the heaters is required. Unit heaters taking in recirculated 
air at the floor level should maintain -temperature differentials of less 
than 0.5 deg per foot of elevation when the maximum capacity of the 
heaters is required. These temperature differences per foot of elevation 
are less than the corresponding variations per foot of elevation for spaces 
heated by direct radiation. 

Unit heaters save fuel because of their ability to circulate air at a lower 
average temperature than the air circulated by direct radiators ; however, 
the unit heaters must circulate more air in any given time than is needed 
with direct radiators. This requires the selection of heaters having a 
liberal air capacity" for the required heat output, which in turn means a 
relatively low final temperature. Extremely low final temperatures can 
be had only at the expense of larger heaters and increased power, so that 
an economic limit is imposed. In general, for heating purposes it is 
advisable to use a delivery temperature not more than 70 F above the 
average room temperature desired, and one considerably le^s where 
possible. 


OUTPUT OF HEATERS 

It is standard practice to rate unit heaters in Btu per hour at a given 
temperature of air entering the heater and at a given steam pressure 
maintained in the coil. Steam at 2 lb pressure and air entering at 60 F 
are used as the standard basis of rating^ The capacity of a heater 
increases as the steam pressure increases, and decreases as the entering 
air temperature increases. The heat capacity for any condition of steam 
pressure and entering air temperature may be calculated approximately 
from any given rating by the use of factors in Tables 1 and 2. Table 1 
is for blow- through and Table 2 is for draw-through unit heaters. These 
tables are accurate within 5 per cent. 

The ratings customarily published for unit heaters apply only for 
recirculation and free discharge, unless otherwise noted in the rating 
tables. If outside air intakes, filters, or ducts on the discharge side are 
used with the heater, proper consideration should be given to the reduc- 
tion in air and heat capacity that will result because of this added 
resistance. 

The percentage of this reduction in capacity will depend upon the 
characteristics of the heater and on the type, design, and speed of the 
fans employed, so that no specific percentage of reduction can be assigned 
for all heaters for a given added resistance. In general, however, disc 
or propeller fan units will have a larger reduction in capacity than housed 
fan units for a given added resistance, and a given heater will have a 
larger reduction in capacity as the fan speed is lowered. When confronted 
with this problem the ratings under tie conditions expected should be 
secured from the manufacturer. 


iSee A.S.H.V.E. Standard Code for Testing and Rating Steam Unit Heaters (A.S.H.V.E. Trans- 
actions, VoL 36. 1930). 
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When steam supplied to the heaters contains superheat, the capacity 
of the heater will be but slightly less than with saturated steam at the 
same pressure. Recent tests indicate that the reduction of capacity 
from this cause is negligible for superheat up to 50 deg and will not 
exceed per cent for any degree of superheat. 

Heaters may be distributed through the central portions of a room 
discharging toward exposed surfaces, or may be spaced around the walls, 
discharging along the walls and inward as well, especially when there are 
considerable roof losses. 

In general, it is better to direct the discharge from the unit heaters 
in such fashion that rotational circulation of the entire room content is 
set up by the system rather than to have the heaters discharge at random 
and in counter directions. 

DIRECTION OF DISCHARGE 

\"arious types and makes of unit heaters are illustrated in the Catalog 
Section of this edition. Usually hot blasts of air in working zones are 
objectionable, so heaters mounted on the floor should have their discharge 
outlets above the head line and suspended heaters should be placed in 
such manner and turned in such direction that the heated air stream will 
not be objectionable in the working zone. In the interest of economy, 
however, the elevation of the heater outlet and the direction of discharge 
should be so arranged that the heated air shall be brought as close to 
the head line as possible, yet not into the working zone. In general, the 
higher the elevation of the unit, the greater the volume and velocity 
required to bring the warm air down to the working zone, and conse- 
quently, the lower the required temperature of the air leaving the unit. 

BOILER CAPACITY 

The capacity of the boiler should be based on the rated capacity of the 
heaters at the lowest entering air temperature that will occur, plus an 
allowance for line losses. Ordinarily for recirculating heaters the lowest 
entering temperature will occur at the beginning of the heating period 
and is usually taken as 40 F, while for ventilators taking air from outdoors 
the lowest entering temperature will be the extreme outdoor temperature 
expected in the district. No greater allowance in boiler capacity beyond 
the calculated heat demand need be added in order to supply unit heaters 
than for any other type of system. 

It is unwise to install a single unit heater as the sole load on any 
boiler, particularly if the unit heater motor is started and stopped by 
thermostatic control. The wide and sudden fluctuations of load that 
occur under such conditions would require closer attendance to the boiler 
than is usually possible in a small installation. Where oil or gas is used 
to fire the boiler, it is possible by means of a* pressurestat to control the 
boiler, in response to this rapid fluctuation. In most cases, however, and 
particularly where the boiler is coal-fired, it is advisable to use two or 
more smaller heating units instead of one large unit. 

Steam pressures below 5 lb can be used with safety for recirculating 
unit heaters when their coils are designed for the purpose and when 
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proper provision is made for returning the condensate. If ventilators are 
to take in air that may be at a temperature below freezing, however, a 
steam pressure of not less than 5 lb should be maintained on the convector 
or a corresponding differential in pressure between the supply and returns 
be maintained by means of a vacuum. 

QUIETNESS 

In selecting unit heaters, attention should be given to the degree of 
quietness required for the installation. 

No given fan speed may be applied as a measure of relative quietness 
to fans of different designs and proportions. Quietness is a function of 
type, diameter, blade form and other variables besides speed, and all 



Fig. 1. Unit Heater Connections 
Where Condensation Is Returned 
TO Vacuum Pump or to an Open 
Vented Receiver 



Fig. 2. Unit Heater Connections 
Where Condensation Is Returned 
TO Boiler Through Wet Return 


these must be taken into account. In general small fans may be run at 
higher motor speeds than large fans with equal quietness; and centrifugal 
fans are more easily made quiet than disc or propeller fans. 

PIPING CONNECTIONS 

Piping connections for unit heaters are similar to those for other types 
of fan-blast heaters. Typical connections are shown in Figs. 1 and 2. 

One-pipe gravity and vapor systems are not recommended for unit 
heater work. 

For two-pipe closed gravity return systems the return from each unit 
should be fitted with a heavy-duty or blast trap, and an automatic air 
valve should be connected into the return header of each unit. Pressure- 
drop must be compensated for by elevation of the heater above the water 
line of the boiler or of the receiver. 

In pump and receiver systems the air may be eliminated by individual 
air valves on the heaters, or it may be carried into the returns the same as 
for vacuum systems and the entire return system be free-vented to the 
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atmosphere, provided all units, drip points, and radiation are properly 
trapped to prevent steam entering the returns. 

On vacuum or open vented systems the return from each unit should be 
fitted with a large capacity trap to discharge the water of condensation 
and with a thermostatic air valve for eliminating the air, or with a heavy- 
duty trap for handling both the condensation and the air, provided the 
air finally can be eliminated at some other point in the return system. 

For high pressure systems the same kind of traps may be used as with 
vacuum systems, except that they must be constructed for the pressure 
used. If the air is to be eliminated at the return header of the unit, a 
high pressure air valve can be used ; otherwise the air may be passed with 
the condensate through the high-pressure return trap, with some danger 
of return pipe corrosion and the problem of its elimination at some other 
point in the system. 

The connections for steam and return piping to unit heaters must 
always be calculated on the basis of the high heat emission or condensation 
rate of such devices. The pipe-size tables given in Chapter 32 may be 
used for unit heater work by multiplying EDR values by 240 to get Btu 
values. 

OTHER TYPES OF UNITS 

All Electric 

The foregoing discussion relates generally to units in which steam or hot 
water is used as the heating medium. On rare occasions electrical 
resistances are used as the heating element. These are applied only where 
electric power is abundant and cheap and where other forms of fuel are 
scarce and expensive. (See Chapter 39.) 

Direct Fired 

A recent development in gas burning equipment is the direct-fired 
industrial unit heater. These heaters are of the warm air type and are 
equipped with fans which cause the air to pass over the heating surfaces 
at a fairly high velocity and then direct the warm air in to the space to be 
heated. As is the case with the steam fed unit heaters, the gas fired 
appliances may be used for heating stores, shops, and warehouses. They 
usually are suspended in the space to be heated and in most instances 
leave the entire floor and wall area free for commercial use. Partial or 
complete automatic control also may be secured on appliances of this type. 
This type of heater is often used for temporary heat during building 
construction or where the installation of a steam or hot water plant is for 
some reason not justified. 

Turbine Driven 

Where high pressure steam is available it is sometimes used to drive a 
steam turbine direct-connected to the unit heater. The exhaust from 
this turbine, reduced in pressure, is then passed into the heating coil 
where it is condensed and returned to the boiler. 

INDUSTRIAL USES 

In addition to their prime function of heating buildings, unit heaters 
may be adapted to a number of industrial processes, such as drying 
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and curing, with which the use of heated air in rapid circulation with 
uniform distribution is of particular advantage. They may be used for 
moisture absorption, such as fog removal in dye-houses, or for the pre- 
vention of condensation on ceilings or other cold surfaces of buildings in 
which process moisture is given off. When such conditions are severe, it 
is necessary that the heaters draw air from outside in enough volume to 
provide a rapid air change and that they operate in conjunction with 
ventilators or fans for exhausting the moisture-laden air. (See discussion 
of condensation in Chapter 7.) 

Information on the control of unit heaters will be found in Chapter 14. 

UNIT VENTILATORS^ 

A unit ventilator must be pleasing in design because it is generally 
used where it must harmonize with the furniture or with the decorative 
scheme. It consists usually of a rectangular steel cabinet finished with an 
enameled surface and containing the following necessary or optional 
parts : 

1. Outside air inlet. 

2. Inlet damper for closing the opening to the outside air inlet when the unit is not 
in use. 

3. Adhesive or dry type filters for cleaning the air (optional). 

4. A heating element usually of special design and intended for low pressure steam. 

5. Motor and fan assembly. 

6. Mixing chamber where warm and cold air streams are brought together. (No 
mixing chamber is normally provided where sectional type convectors are used.) 

7. Outdoor air inlet and recirculating air mixing damf)er (optional). 

8. Device for ozonizing air (optional). 

9. Discharge grille or diffuser. 

10. Temperature control arrangement. 

The primary functions of a unit ventilator are: 

1. To supply a given quantity of outdoor air for ventilation or to mix indoor and 
outdoor air. 

2. To warm the air to approximately the room temperature if the unit is intended for 
ventilation only, or to a higher temperature if it is intended to take care of all or a part 
of the heat transmission losses from the room. 

3. To control the temperature of the air delivered so as to prevent both cold drafts 
and overheating. 

4. To deliver air to the room in such a manner that proper distribution is obtained 
without drafts. 

5- To recirculate room air for the purpose of heating or promoting comfort when 
ventilation is unnecessary. 

6. To perform all its functions without objectionable noise. 

In addition to these functions, unit ventilators frequently are arranged 
so that the air supplied may be cleaned by means of filters of either the 
dry or viscous type. If filters are used, the proper allowance must be 
made for the increased resistance offered to the air flow. Humidifiers in 
unit ventilators are rather difificult to control and are only furnished upon 
special order. 


*A roof ventilator is sometimes termed a umt venUlctor^. Fm* infOTmation on roc^ v^tilators, see 
Chapter 4. 
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1. Air Supply for Ventilation. The outdoor air supply for ventilation 
is delivered by motor-driven fans operated at comparatively low speeds, 
the back of the cabinet being connected to the outside through rust-proof 
louvers and screens. Air quantities may be estimated on the basis of data 
given in Chapter 2. (See A.S.H.V.E. Ventilation Standards.) 

2. Warming Incoming Air. The air is heated by passing it through 
specially designed convectors. The amount of heating surface to be 
provided in the unit is determined by the volume of air to be heated and 
the temperature range. If the unit is to be used for supplying air for 
ventilation only, the convector must be sufficient in capacity to maintain 
a final air temperature of about 70 F. If the unit is to be used for heating 
as well as for ventilation, the convector must be sufficient to maintain the 
necessary final air temperature for the conditions involved. 

3. Control of Temperature. This is accomplished by varying the tem- 
perature of the air discharged from the unit (1) by the automatic opera- 
tion of a mixing damper which controls the relative quantities of air 
being blown through the heating unit or by-passed around it, (2) by 
operation of valves on different layers of convector surfaces, or (3) by 
variation in the temperature of the circulating heating medium. 

The outside air inlet damper and recirculating damper (where one is 
provided) should be so connected that there will be an uninterrupted 
supply of air to the fans at all times the unit is in operation. These 
dampers may be operated by hand or by pneumatic or electric motors 
manually controlled from some central point. 

These dampers may also be linked together, in the form of mixing 
dampers and be controlled by a thermostat in the cold air intake, by a 
differential thermostat acted upon by both the cold air and the recircu- 
lated air, or by a thermostat in the two streams of air after they are 
mixed, so as to keep the relative proportion of air taken in from out-of- 
doors commensurate with outside temperatures and to prevent drafts of 
cold air being blown through the unit into the room. 

Provision should be made for the inlet damper to close automatically 
whenever the fans are shut down, and not to open until the room is 
properly heated when the fans are again started. The minimum tem- 
perature of the air delivered by the machine should be regulated auto- 
matically by a thermostat in the outlet air which controls the temperature 
of the heated convector, or this minimum temperature may be main- 
tained by properly mixing the inside and outside air by means of the 
mixing dampers under thermostatic control referred to above. Another 
thermostat in the recirculated air intake to the unit or elsewhere in the 
room controls by-pass dampers or the supply of heating medium, or both, 
so as to control the temperature of the air leaving the unit according to 
the heat requirements of the room. In addition to these thermostats, a 
room thermostat is needed to control any other heat sources for the 
room. (See Chapter 14.) 

Thermostats for controlling by-pass dampers must be of the inter- 
mediate type to hold the dampers in intermediate positions to prevent 
objectionable drafts. When direct radiators are used in conjunction with 
unit ventilators, the control is usually arranged so as automatically to 
open the valves to the direct radiators when the room temperature falls 
about 2 deg below the setting of the thermostat for the unit ventilator. 
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Another arrangement “opens the radiator valve whenever the unit venti- 
lator control reaches the full heating position. Further information on 
this subject is contained in Chapter 14. 

4. Distribution, This function is governed by the proper selection and 
location of the unit. Diffusion and distribution are dependent upon a 
relatively high velocity air stream discharged in a generally vertical 
direction, and in order to insure satisfactory diffusion in the room the less 
the difference between the temperature of the air discharged from the unit 
and that of the room air, the better. With a final temperature above 
110 F, excessive stratification of the air may be experienced. Trouble- 
some drafts may be eliminated to a large extent if a static pressure is 
built up in the room. 

5. Recirculation of air requires less fuel than does the use of all out- 
side air and aids in heating up quickly. Certain units are designed to 
recirculate all air at all times, except when the admission of outside air is 
needed to regulate room temperatures. Under this arrangement, the 
outside air for ventilating purposes is obtained solely from infiltration, but 
the amount thus obtained may or may not be sufficient to meet legal 
ventilating requirements for public buildings. Recirculation of the air in 
schools is therefore prohibited by ordinance in many communities. 
Ventilating systems in schools should be arranged for taking in a suf- 
ficient quantity of air to constitute, with infiltration, not less than 10 cfm 
per occupant of a room. 

6. Quiet Operation, Since the unit ventilator is generally set in close 
proximity to the room occupants, it must operate with exceeding quietness. 

SPLIT AND COMBINED SYSTEMS 

In a split system the unit is used primarily for ventilation. Air is 
delivered to the room at very near the room temperature, and enough 
separate direct heaters are placed in the room to warm it to the desired 
temperature, independently of the unit. Their principal advantage lies 
in offsetting the cooling efect of window and wall surfaces long before 
these can be heated to room temperature and in retaining heat for this 
purpose after the ventilation is shut down. 

Where the unit ventilator selected has a capacity more than sufficient 
to warm the air needed to meet the ventilating requirements, a cor- 
responding reduction may be made in the amount of direct heating surface 
installed. The greater the amount of excess capacity of the unit, the more 
efficient will be the temperature regulation of the room. The split 
system permits the heating of the room during failure of electric current, 
since the direct radiators will furnish ..heat, but it permits a careless 
operator to avoid operating the ventilating equipment. 

A combined system employs the unit ventilator alone, its capacity being 
sufficient both for ventilation and for supplying the heat loss. Direct 
heating surface is omitted altogether. It becomes necessary then that the 
fan be running whenever the room is to be heated but this also gives 
assurance of ventilation, especially if automatic dampers are used in the 
air intake from out-of-doors and in the recirculating intake arranged so as 
to give a certain quantity of air from the out^de (commensurate with 
weather conditions) whenever the unit is operating and after the room is 
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heated. The cost of installation of a combined system is usually less than 
that of a split system and there is less danger of overheating, but if the 
electric energy fails there will be practically no heating. 

LOCATION OF UNIT 

The location of the unit ventilator in a room is important. Wherever 
possible it should be placed against an outside wall. It is difficult to 
obtain proper air distribution if the unit is erected either on an inside wall 
or in a corner of the room. Standard units discharge the air stream up- 
ward, but for special cases units may be installed to discharge air hori- 
zontally. Units may be set away from the wall or partially recessed into 
the wall to save space without materially affecting the results. The air 
inlet may enter the cabinet at the back at any point from top to bottom. 

VENTS 

The size and location of the vent outlet is important. In many cases 
the sizes for public buildings are regulated by law, but the location of the 
vents generally is left to the discretion of the engineer. 

Best results have been obtained with a velocity through the vent 
openings nearly equal to that at which the air is introduced into the room, 
thus maintaining a slight pressure in the room. Calculated velocities at 
the vent openings of from 600 to 800 fpm produce the best diffusion results 
from this system. 

The cross-sectional area of the vent flue itself may be figured on the 
basis of 15 sq in. of flue for each 100 cfm. Thus the vent flue area of a 
flue for a room equipped with one 1200 cfm unit ventilating machine 
would be 180 sq in. The area of vent flue opening from the room may be 
figured on the basis. of 25 sq in. per 100 cfm. 

In school buildings provided with wardrobes or cloakrooms the vents 
may be so located that the air shall pass through these spaces, heating and 
ventilating them with air which otherwise would be passed to the outside 
without being used , to the best advantage. Many state codes for venti- 
lation of public buildings make this arrangement mandatory. 

There has been much controversy over the use of corridor ventilation 
in school building practice, one group holding the view that when each 
classroom has a separate vent flue there is a minimum fire risk and less 
likelihood of cross-contamination, while others emphasize the economy 
features of the corridor discharge and minimize the fire, contamination, 
and other hazards. 

CAPACITIES 

Unit ventilators are available in air capacities ranging from 450 cfm to 
5000 cfm and with corresponding heat capacities (above, that required for 
ventilation purposes based upon an outside temperature of zero and an 
inside temperature of 70 F) ranging from 30 Mbh to 144 Mbh (1 Mbh = 
1000 Btu per hour). Some manufacturers furnish a unit with several 
heating capacities for each air capacity, thus enabling the engineer to 
select the unit best adapted to the heating and ventilating load. Capaci- 
ties should be determined in accordance with the A.S.H.V.E. Standard. 
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Code for Testing and Rating Steam Unit Ventilators®. Typical capacities 
are given in Table 3. 

The amount of heat to be supplied by the unit ventilator will depend on 
the amount of air passed through the unit and the temperature range 
through which the air is heated. The weight of air (TF) to be circulated 
per hour is fixed by the ventilating requirements. 

If no direct heating surface (radiation) is installed, the combined 
heating and ventilating requirements must be taken care of by the unit 
ventilators, and the total heat to be supplied is obtained by means of the 
following formulae: 

When all of the air handled by the unit is taken from the outside, 


Ht = 0.24 W(ty - to) 

(1) 

o> 

1! 

(2) 

H 



(3) 


where 

d — density of air, pounds per cubic foot. 

H — heat loss of room, Btu per hour. 

ffy = heat required to warm air for ventilation, Btu per hour. 

Ht — total heat requirements for both heating and ventilation, Btu per hour 
— 4- Hv. 

Q = volume of air handled by the ventilating equipment, cubic feet per hour. 
t — temperature to be maintained in the room. 
to ~ outside temperature. 
ty = temperature of the air leaving the unit. 

W = weight of air circulated, pounds per hour. 

0.24 = specific heat of air at constant pressure. 


From Equations 1, 2 and 3: 

Ht = H + 0.24 dQ (t ~ to) (4) 

Example 1 . The heat loss of a certain room is 24,000 Btu per hour, and the ventilating 
requirements are 1000 cfm. If the room temperature is to be 70 F and all air is taken 
from the outside at zero, what will be the total heat demand on the unit if it is required 
to provide for both the heating and ventilating requirements (combined system)? 

Solution, H — 24,000; d = 0.075 

Q = 1000x60 = 60,000cfh;^ =- 70F;/o = 0 F. 

Substituting in Equation 4: 

Ht = 24,000 + 0.24 x 0.075 x 60,000 (70 ~0) = 90,600 Btu 


24,000 

^ 0.24 X 0.075 X 60,000 


+ 70 - 92.2 F 


When part of the air handled by the unit is taken from the room and the 
remainder from the outside, 

Ht = 0.24Wo {ty - to) + 0.24 Wi (ty - t) (5) 


•Adopted 1932, See A.S,H.V.E. Tsansactzo;^ Vol. 38, 1932. 
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where 

Wo ~ weight of air, pounds per hour taken from out-of-doors. 

Wi = weight of air, pounds per hour taken from the room. 

Wo = do Qo ( 6 ) 

Wi = d\ Qi . (7) 

where 

do — density of air, pounds per cubic foot at temperature to. 
di = density of air, pounds per cubic foot at temperature L 
Qo = volume of air taken in from the outside, cu ft per hr. 

Qi = volume of air taken in from the room, cu ft per hr. 

^ 0724 0^0 + Wi) ^ 

He = H + 0.24t do Qo Q - to) (9) 

Equations 5, 6, 7, 8, and 9 may be used in the same manner as is 
illustrated above for Equations 1, 2, 3, and 4. It may be noted in Equa- 
tion 9, representing the total heat requirements, that as the quantity 
Qo is diminished the heat requirements for the unit diminish very 
materially. 

In Example 1, if the quantity of air taken in from the outside is reduced 
to zero, or all of the air handled by the unit is recirculated, the total heat 
requirements Ht reduce from 99,600 Btu to 24,000 Btu, or to about one 
fourth. Such a unit handling one-third of its air volume from the outside 
and two thirds from the room would show a total heat requirement of 

24,000 + — = 59,200 Btu. Units designed and operated 

o 

on this principle show an average heat requirement and, therefore, a boiler 
capacity requirement of less than 50 per cent of that required for units 
taking all their air from the outside. 

If all of the air is recirculated, the total heat required is the same as the 
heat loss of the room, or 

- il = 0.24 W (fy - t) (10) 


Table 3. Typical Capacities of Unit Ventilators for 
AN Entering Air Temperature of Zero 


Cubic Feet of 

Air per Minute 

Total CAPAcirr in Square Feet 
OP Equivalent Direct Heating 
Surface CRadiation) 

Capacitt Available for Heat- 
ing THE Room in Square Feet 
OF Equivalent Direct Heating 
Surface (Radiation) 

Final Air Tempera- 
TURK (Deg Fahr) 

EDR 

Mbh 

EDR 

Mbh 

600 

285 

68 

95 

23 

105 

750 

350 

84 

115 

28 

105 

1000 

455 

110 

150 

36 

105 

1200 

565 

136 

190 

46 

105 

1500 

705 

169 

235 

56 

105 
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If the heat loss of the room is to be taken care of by the direct heating 
surface, the unit ventilators will be required to warm the air introduced 
for the ventilating requirements. Therefore: 

Hv = 0.24 W (iy - io) (11) 

In this case should be equal to or slightly higher than L If the unit 
ventilator were of such capacity as to exactly provide for the ventilating 
requirements, the direct radiation would be selected on the usual basis. 
However, it is necessary to employ a unit which may not exactly meet the 
ventilating requirements, since standard units are usually rated in terms 
of the volume of air that will be delivered at a certain temperature iy for 
an initial temperature of to. Therefore a certain amount of heat (ITh) 
may be available from the unit ventilator for heating purposes, as pre- 
viously stated, and the amount of equivalent direct heating surface may, 
if desired, be deducted from the amount required for heating the room. 

ATTIC FANS 

Attic fans, used during the warm months of the year to draw large 
volumes of outside air through a house, offer a means of using the com- 
parative coolness of outside evening and night air to bring down the 
inside temperature of a house. 

Because the low static pressures involved are usually less than ^ in. of 
water, disc or propeller fans are generally used instead of the blower or 
housed types. The fans should have quiet operating characteristics, and 
they should be capable of giving about thirty air changes per hour. The 
two general types of attic fan installations in common use are: 

Open attic fans y in which the fan is installed in a gable or dormer and 
one or more grilles are provided in the ceilings of the rooms below. 
Fresh air, which enters the house through open windows, is drawn into 
the attic through the grilles, and is discharged out-of-doors by the fan. 
An attic stairway may be used in place of the central grille. It is 
essential that the roof and the attic walls be free from air leaks. 

Boxed-in fan, in which the fan is installed within the attic in a box or 
housing directly over a central ceiling grille, or in a bulkhead enclosing 
an attic stair. The fan may be connected by a duct system to the 
grilles in individual rooms. Fresh air entering through the windows of 
the rooms below is discharged into the attic space and escapes to the 
outside through louvers, dormer windows, or screened openings under 
the eaves. 

The locations of the fan, the outlet openings, and the grilles should be 
chosen after consideration of the room and attic arrangement in order to 
give uniform air distribution in the individual rooms served. If the outlet 
for the air is not on the side away from the direction of the prevailing 
wind, openings should be provided on all sides. Kitchens should be 
separately ventilated because of the fire hazard, and to prevent the 
spread of cooking odors. 

The operating routine which will secure best results with an attic fan is 
an important consideration. A typical routine might require that in the 
late afternoon when the outdoor temperature begins to fall, the windows 
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on the first floor and the grilles in the ceiling or the attic floor should be 
opened, and the second story windows should be kept closed. This will 
place the principal cooling effect in the living rooms. Shortly before 
bedtime, the first floor windows may be closed and those on the second 
floor opened, to transfer the cooling effect to the sleeping rooms. A time 
clock may shut off the fan before waking time, or the fan may be stopped 
manually at a later hour. 

A disadvantage arising from the passing of a great amount of outside 
air through a house is the dust nuisance, which varies considerably in 
different locations. Persons suffering from allergic diseases caused by air- 
borne pollens will have their troubles increased with attic type coolers. 

Some typical data on an attic fan installation in an average six-room 
house of frame construction containing 14,000 cu ft and located in the 
southern part of this country are : 


Installation cost 

Fan data 

Operating period 

Power consumption. 


$75 to S400, average $250 

9000 cfm average, 280 rpm if belt driven, 570 rpm if direct 
connected, 500 watts input 

April 15 to October 15, intermittently as weather con- 
ditions demand 

500 kwh per year for 8 months* operation 


UNIT COOLERS 

A unit cooler, as defined in Chapter 41, is a device usually comprising 
an extended-surface element and a motor-driven fan mounted integrally 
in a housing, suitable to be placed within or adjacent to the room served. 
The refrigerating medium is brought to the unit from an outside source, 
and the fan drives air over the cooling element; generally, no d,ucts are 
attached to inlet or outlet. With provision for filtering the air and taking 
in outdoor air for ventilation, the apparatus becomes a unit conditioner 
(Chapter 12). An alternative design uses chilled water or brine spray for 
cooling the air; it is essentially a small compact air washer with built-in 
fan and accessory equipment. 

The principal field for unit coolers is in cold-storage plants, fur-storage 
vaults, packing houses, provision stores, brewery fermentation and stock 
rooms, and industrial process work. Coolers have, to a considerable 
extent, supplanted the bunker coils heretofore placed on ceilings and walls, 
because of demonstrated advantages with respect to : compactness, first 
cost, maintenance expense, damage from drips, ease of defrosting, main- 
tenance of sanitary conditions, uniformity of temperature throughout the 
space served, and uniformity of temperature under variable load con- 
ditions, as well as control of humidity and circulation of room air when 
conducive to improved results. 

A typical suspended unit is shown in Figs. 3 and 4. A motor-driven 
propeller- type fan is bracketed to the frame of a sheet-metal housing that 
contains an extended-surface coil, and a double set of louvers acting also 
as a moisture eliminator is provided at the outlet side. The horizontal 
louvers are adjustable to direct the air downward, horizontally, or upward, 
as desired. The lower part of the housing forms a drip pan, requiring a 
drain connection to dispose of the condensation when dehumidifying air 
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at usual room temperatures, or of the water when defrosting in low- 
temperature service. A cabinet-t>'pe unit for floor mounting is shown in 
Fig. 5 ; other designs are illustrated in the Catalog Data Section at the rear 
of this volume. 




Depending upon the arrangement of the cooling coil, chilled water, 
brine, or a direct-expansion reftig^ant may be employed. For cooling 
service at or near ordinary room temperatures, the considerations 
affecting a choice of cooling medium are those discussed in Chapter 12 for 
unit air conditioners. At lower temperatures, as for cold-storage, the 
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refrigerant system is usually dictated by the requirements of other 
refrigeration services supplied from the same condensing unit or from a 
central plant. 

Details of construction employed in unit coolers are generally similar to 
those for unit air conditioners, with special attention paid to the use of 
non-corroding materials. Temperature control is obtained by starting 
and stopping the fan, with or without regulation of the cooling liquid or 
direct-expansion refrigerant admitted to the coil. Usually, a thermostatic 
control is provided ahead of the expansion valve at the inlet to the coil, 
tending to maintain constant temperature and pressure inside the coil 
regardless of cooling load, with a float at the outlet to prevent accumu- 
lation of liquid refrigerant in amounts sufficient to interfere with dis- 



tribution between the various unit coolers served by a central condensing 
unit. 

Ratings of unit coolers may be expressed in Btu per hour or in tons of 
refrigeration, with specified quantity, temperature, and humidity of air 
at the inlet, and with a stipulated pressure or temperature maintained 
within the cooling coil when using direct-expansion refrigerants. ^ When 
chilled water or brine are used as the cooling media, the quantity and 
inlet temperature must be given. Ratings and dimensions of representa- 
tive makes of unit coolers are given in the Catalog Data Section. 


PROBLEMS IN PRACTICE 

1 • Is it better to use high pressure or low pressure steam in unit heaters? 

The answer to this question depends upon the following circumstances: If steam is used 
only for heating purposes, it is usually best to design the entire system for low pressure 
steam. When steam is generated at high pressure for other purposes, it can be used 
either at full boiler pressure or at reduced pressure in the unit heaters. If the steam 
pressure is reduced, the heating elements should be capable of withstanding the full boiler 
pressure. When steam at full boiler pressure is used in the heating elements, the heating 
surface should be reduced so that the outlet temperature will not be more than 70 F 
higher than the inlet temperature. With the use of high pressure steam special care must 
be exercised in venting the units of air, in preventing flash steam in the returns, and in 
preventing corrosion from superheated returns. 
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2 • How should heat losses be calculated for a building using unit heaters? 

The heat losses should be calculated in exactly the same manner as for any other heating 
system. If the method of calculation takes into consideration the variation in tem- 
perature from the floor to the ceiling, the temperature variation should be reduced when 
calculating the heat losses for a unit heater job. This is advisable because with unit 
heaters the temperature variation between the floor and the ceiling is from 34 to 1 F 
per foot of elevation, whereas with direct radiators or pipe coils, this variation may be 
twice as great. Unless the ceiling height is more than 15 ft, the temperature variation 
between the floor and the ceiling is usually neglected when unit heaters are used. 

3 • On what basis should imit heaters be selected? 

Unit heaters should be selected to furnish enough heat to offset the heat losses and to 
circulate the air in the room fast enough to provide good heat distribution. In the 
average building, if the outlet temperature does not exceed the inlet temperature by more 
than 70 F, sufficient air capacity will usually be provided for proper circulation if the 
units are selected strictly on the basis of heating capacity. However, if the units are 
hung unusually high or if the heat loss is low in proportion to the volume of the room, 
then, in order to obtain the desired air capacity, it is usually necessary to employ more 
heaters than are required to offset the normal heat loss. Inasmuch as the heat distri- 
bution depends upon the outlet temperature, the outlet velocity, the character of air flow 
from the heater, the height at which the heaters are hung, and the size of the heater 
itself, the manufacturers’ literature should be carefully studied in determining the exact 
number of heaters to be employed. 

4 • Is it satisfactory to use superheated steam iu unit heaters? 

Superheated steam can be satisfactorily used in unit heaters provided the capacity is 
based on the saturated steam temperature and not on the total temperature. If un- 
usually high superheat is used, trouble may be experienced from the excessive expansion 
and contraction of the heating elements. 

5 • Is it satisfactory to install one unit heater as the total load on a coal 
fired boiler? 

Such an arrangement is impractical if the unit heater is started and stopped in keeping 
with the room temperature. However, if the room temperature controls the steam pres- 
sure and the unit heater is arranged to start when there is steam in the mains and to 
stop when there is no steam in the mains, such an installation will be satisfactory. 

6 • Will a unit heater with a slow speed fan he more qpuiet than one with a 
high speed fan? 

The speed of the fan is no indication of quietness. Quietness is a function of the type, 
diameter, blade form, speed, and location of the fan. 

7 • Is it satisfactory to use steam at pressures less than atmospheric for unit 
heaters? 

If the air inlet temp^ature is above freezing, steam at any pressure may be used in the 
unit heater. If the inlet temperature is below freezing, steam of at least 5 lb pressure 
(or with a positive 5 lb pressure differential between supply and return) should be used, 
and the steam supply should never be throttled or the heating element may be frozen. 

8 • In general, what is the primary function of a unit ventilator? 

To maintain the desired room air conditions as to temperature, air change, and air 
cleanliness, without drafts regardless of variations in outdoor temperature, occupancy, 
sun heat, and wind. 

9 • What are the usual working parts of a unit ventilator? 

A fan and motor assembly, a set of heating elements, outdoor and indoor air dampers, 
filters, outlet grille, some method of controlling the outlet temperature above a minimum 
of 60 F, and some method of varying the outlet temperature in keeping with the room 
requirements. Ail of these parts are usually enclos^ in an attractive steel cabinet in 
which the piping is concealed. 
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10 • Do all unit ventilators introduce a constant amount of outdoor air? 

Certain types employ full recirculation except when outdoor air is obtained by throttling 
the steam valve on the heating element so the proportion of outdoor air to room air is 
varied. This is a very economical type of unit ventilator but in some communities it 
cannot be used because of existing laws w^hich require that some fixed amount of outdoor 
air be introduced whenever the room is occupied. Certain types of units are designed to 
always take in a minimum quantity of air from the outside and to automatically vary 
this with the weather. 

11 • Where should a unit ventilator be located? 

In the center of the longest outside wall under the windows. 

12 • What further precaution should he taken in locating unit ventilators? 

With most unit ventilators, a high velocity jet of air is discharged toward the ceiling at a 
slight pitch toward the room; all unit ventilators should be installed in such manner that 
this jet is not interfered with. For this reason the air should be distributed on a flat 
ceiling without beams, but if beams are present, the unit ventilator should be so located 
that the air will be discharged parallel to the beams. 

13 • When unit ventilators are installed to employ variable recirculation, whal 
special precautions are necessary? 

Where partial recirculation is employed, some effective means should be installed within 
the cabinet of the unit ventilator to prevent unheated outdoor air from being blown into 
the room through the room air opening while the unit is mixing indoor and outdoor air. 
This means may be self-operating dampers placed in the path of the room air, or filters 
so arranged that the outdoor air must pass through them before it can enter the room. 

14 • Generally speaking, should direct radiators be used in addition to unit 
ventilators in school classrooms? 

The best practice in schoolrooms is to place as much heating capacity as possible in the 
unit ventilator itself. However, in selecting the unit ventilator, the outlet temperature 
should not exceed HOF and the rate of air circulation should not exceed 9 room volumes 
per hour (anemometer measurement) or 7}4 room volumes per hour (A.S.H.V.E. Code 
measurement). If the heating capacity under these conditions is sufficient to heat the 
room, no additional radiation is required. If the heating capacity is not sufficient, direct 
radiation should be used to make up the required total. Radiators always tend to offset 
the chilling effect of cold walls and windows quicker than warm air does. 

15 • Are vent outlets required with unit ventilators? 

Though experience has indicated that in practically all school and office buildings the 
cracks around the windows, doors, and baseboards are so numerous that vents are not 
required, in many communities vents are required by existing laws. In some cases the 
sizes are also stipulated in the laws. When the size is not stipulated, vents should be 
designed on the basis of a velocity not greater than 600 ft per minute. Vent flues should 
always be provided with a damper in order that they may be throttled. 
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AUTOMATIC CONTROL 


Apparatus Sensitive to Temperature, Apparatus Sensitive to 
Relative Humidity, Apparatus Sensitive to Pressure, Accessory 
Apparatus, Temperature Control Systems, Control of Automatic 
Fuel Appliances, Individual Room Control, Zone Control, In- 
dustrial Processes, Air Conditioning Systems, Seasonal Operation 


A utomatic controls can be installed on any type of heating, 
ventilating, or air conditioning system to maintain desired con- 
ditions automatically, and with maximum operating economy. The 
variety of automatic control equipment available is such that a suitable 
control system can be devised without difficulty, provided that the con- 
ditions to be maintained are known and the control equipment is properly 
chosen. This chapter outlines briefly the various types of control appar- 
atus and indicates the method of* their application to typical heating, 
ventilating, and air conditioning systems. Specific control devices and 
systems are described in the Catalog Data Section of The Guide. 

Controls are applied for the following reasons: 

1, To maintain conditions required for human comfort and efiiciency. 

2. To maintain conditions required for industrial processes. 

3, To obtain economy in operation. 

4. To provide necessary safety measures. 

CONTROL APPARATUS 

The various pieces of control apparatus may be grouped under the 
following general headings: 

Apparatus Sensitive to Temperature 

Temperature-sensitive devices which will respond to changes in tem- 
perature, and which will motivate equipment to compensate for the 
changes, are usually called thermostats. They have many specialized 
forms for use in specific control applications. Thermostats are the 
detectors of a control system which identify changes in desired tempera- 
ture conditions and automatically call for compensating action. 

Thermostats are actuated by various means, all of which have the 
common characteristic of responsiveness to small changes of temperature. 
The actuating element may be a piece of bi-metal in straight, helical, or 
spiral form (Fig. 1), which, by bending slightly as the temperature 
changes, actuates an electric or pneumatic switch to govern the controlled 
apparatus; or the actuator may be a diaphragm, bellows, or tube filled 
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with a volatile liquid (Fig. 2) in such way that expansion and contraction 
with changes in temperature will operate the controlled apparatus by a 
direct mechanical, electric, or pneumatic connection. 

A room or wall thermostat in its simplest form contains a single tempera- 
ture-sensitive element which is so set that it maintains, by actuating the 
controlled system, a single temperature. The two-temperature or dual 
thermostat has two temperature-sensitive elements, one of which is set for 
a higher temperature than the other. Such a thermostat is used on day- 
night systems where the night temperature is to be lower than that 



Fig. 1. Typical Bi-Metallic Thermostatic Elements 



Fig. 2. Diaphi?agm Type Thermostat 

maintained during the daytime hours. Switching the control from one 
element to the other is accomplished by an external or an internal switch, 
which can be operated manually or by a time device. 

Duct type thermostats are used in systems where the equipment must 
respond to changes in the temperature of the air passing through a duct. 
In their usual form, these thermostats are so constructed that their 
switching mechanism is outside the duct, while the temperature-sensitive 
element projects inside into the air stream. 

Thermostats which operate in liquids have the same general construc- 
tion as duct thermostats except that the sensitive element is usually 
enclosed in a tube to keep it from direct contact with the liquid. They 
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are used in pipes, vats, and tanks, and are called immersion thermostats. 
Such a thermostat is illustrated in Fig. 3. 

Sometimes surface thermostats are used in place of duct or immersion 
thermostats. These devices, so constructed as to respond to changes in 
temperature of the surface of the duct or vessel containing a fluid, are 
clamped or screwed to such surfaces in a manner which will provide as 
rapid as possible heat transfer between the surface and the sensitive 
element. 

Apparatus Sensitive to Relative Humidity 

Devices which are responsive to changes in the relative humidity of the 
surrounding air, and which will motivate equipment to compensate for 
the changes, are called humidistats or hygrostats. These may vary con- 
siderably in their sensitive elements, but they all operate through con- 
necting equipment which automatically causes humidifying apparatus to 
supply more or less moisture as required. Some of the more complicated 
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FtG. 3. Self-Contained Thermostat on Hot Water Tank with Vacuum Return 


ones contain essentially two thermostats, one working on a dry-bulb 
temperature and the other on a wet-bulb temperature ; by proper inter- 
connection of the parts they operate to maintain a definite relation be- 
tween these two temperatures. Other devices use elements, directly 
sensitive to humidity, made of special wooden blocks, human hair, fiber, 
membranes, or strips of prepared paper. Hygrostats are available for 
use with both electric and pneumatic control systems. 

Apparatus Sensitive to Pressure 

Use is made of devices which are responsive to changes in pressure, and 
which will motivate equipment to compensate for the changes. Such 
devices usually depend upon the flexing of a diaphragm or bellows as 
caused by varying pressures or vacuums to obtain the mechanical move- 
ment necessary to actuate an electrical or pneumatic switch. 

Apparatus Which Operates Valves 

Apparatus which is so mechanically or electrically equipped that it will 
open and close valves, and possibly give them fixed interm^iate positions 
in any pipe line of a heating, ventilating, or air conditioning system, is 
termed a valve operator. The function of a valve operator is, essentially, 
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to move the plunger of a valve in a manner required by its type and 
construction. For instance, in a single-seat valve, the disc is moved 
against the seat and held there with sufficient pressure to prevent flow. 
A three-way valve, however, requires a valve operator that will place the 
double disc, as required, between the two seats. Each type of valve has 
special characteristics to which a valve operator must be adapted. 

When a valve is used in shut-off service the valve operator simply 
opens the valve or closes it completely, as required. When the valve is to 
provide throttling service, a different type of valve operator is used so 
that the valve may be held at any intermediate position between open 
and closed. Valve operators use as their power source either compressed 
air (pneumatic system), electricity (motor-driven type of solenoid type), 
or a volatile liquid (direct-connected type). 

Apparatus Which Operates Dampers 

Apparatus which is so mechanically or electrically equipped as to open 
and dose dampers, and possibly give them fixed positions, in accordance 
with the purposes of the system using the dampers is termed a damper 
operator. Damper operators are made for opening, closing, and position- 
ing the dampers in the ducts of heating, ventilating, or air conditioning 
systems in the same way that valve operators regulate the valves. They 
receive their signals from thermostatic or .manual switches. 

The sources of power used are compressed air, electricity, or volatile 
liquids. The damper operator is connected to its damper by direct con- 
nection or by a linkage, according to conditions, and it can usually be 
mounted either outside or inside the duct in which the damper is located. 

Accessory Apparatus 

Accessory apparatus is that additional equipment at the terminals of a 
control system necessary to make it operative. Every temperature con- 
trol system requires a number of accessories, which will vary with the 
different types of systems. For instance, pneumatic systems require a 
compressor and a storage tank for the air which operates the units, and 
low- voltage electric systems require a transformer or generator to provide 
the required current. 

Most of the larger control systems will have some sort of central switch- 
board which may include indicating and recording devices as well as 
control switches. Thermostat guards are generally used in gymnasiums, 
schools, and places of assemblage for protective purposes. Time switches 
and similar devices are often important parts of certain types of control 
systems. Couplings, mountings, and indicators are often parts of a 
system. 

Connecting Apparatus 

Connecting apparatus is that equipment used to connect the various 
parts of a control system. Because the parts of the system are often some 
distance apart, the connecting means are important, and the connections 
must be properly planned and made. 

The connecting elements are fairly obvious. The pneumatic system 
uses compressed air carried in small pipes and tubing. Electric systems 
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are wired for low-voltage or high-voltage power supply. Systems em- 
ploying volatile liquids generally use flexible tubing if there is distance 
between the sensitive bulb and the operating unit. Each form has certain 
limitations which the designer of the system must consider. 

Since few control installations are alike, the manufacturers of control 
apparatus usually maintain engineering departments staffed by experi- 
enced men whose advice may be had on control problems. Progress in 
automatic control has been rapid in the past few years and the field of 
automatic control has become specialized. 

TEMPERATURE CONTROL SYSTEMS 

The control of direct radiation is simple. Each radiator has a valve on 
its steam or water supply, with a thermostat to govern the opening and 
closing of the valve to maintain the desired uniform temperature. One 
thermostat may control the valves on all the radiators in a room, or, if the 
room is large, more than one thermostat may be used, with each one 
governing one radiator or a group of them. Unit type thermostatic 
valves may be used, one on each radiator. 

The location of wall thermostats is important. They must be on inside 
walls where they will not be affected by drafts of either warm or cold air, 
but where they will be exposed to general room conditions. If vibration 
is present, they must be mounted on shock-absorbing bases. If the walls 
are abnormally hot or cold, the thermostats must be mounted on heat- 
insulating bases. The connecting means can be concealed in the wall, 
under the floor or ceiling, or behind baseboards or moldings. 

Modulating type valves cannot be used successfully on one-pipe steam 
systems because the partial opening of valves will not allow the con- 
densate to escape against the incoming steam. 

A discussion of steam heating systems is given in Chapter 31, and 
further information on control requirements of direct radiation may be 
obtained therefrom. 

Control of Unit Heaters 

Unit heaters are commonly ceiling-hung or floor-mounted units con- 
sisting of a steam or hot water coil with a fan behind it to force air past 
the coil and into the room. Vanes direct the warm air flow. The simplest 
and commonest way to control a unit heater is to have in the heated space 
a thermostat which will turn on the fan when heat is required and shut it 
off when the demand is satisfied. However, where there is natural 
circulation through the unit, it is advisable to put a valve on the steam or 
hot water supply line and arrange it so the steam will be turned on only 
when the fan is running. 

As a precaution against allowing the unit heater motors to continue to 
run if the steam supply fails or is for some reason shut off, either a pres- 
surestat or a thermostat in the supply line, or a thermostat on the return 
line may be installed to stop the motor when the pressure or temperature 
in the supply line, or the temperature in the return line, drops below a 
predetermined point. When the fan and the steam are controlled simul- 
taneously, such thermostat will also prevent the blowing of cold drafts. 
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The net result in any case will be that the fan will run only when there 
is heat in the coil. 

Control of Unit Ventilators 

The unit ventilator presents a different control problem than the unit 
heater. Generally this type of unit draws its supply of air from the out- 
side, heats it, and introduces this air into the room under control. There 
are many types of unit ventilators on the market. Some have a mixing 
damper by which the temperature of the air entering the room may be 
varied, others have valves for this purpose, and still others use a com- 
bination of the two. Regardless of the construction of the machine, the 
essential requirement is that the temperature of the air delivered to the 
room should change slowly and remain as near room temperature as 
possible. Frequently direct radiators are used in conjunction with the 
unit ventilators to supply additional heat in extremely cold weather or 
for quickly heating up the room. 

The four general types of control for unit ventilators are as follows : 

1. A damper operator, which is controlled by a room thermostat, is attached to the 
mixing damper. When the thermostat calls for heat, the damper is moved to a position 
which forces more air through the heating unit and thus increases the amount of heat 
supplied to the room. This action must be gradual so that the air temperature may be 
changed slowly to prevent the drafty condition caused by supplying first hot and then 
cold air. This simplest arrangement is often condemned because it frequently results 
in drafts. 

2. In mild weather the heating unit frequently supplies sufficient heat to cause over- 
heating of the room, even though all of the air is by-passed around the heating unit. To 
avoid this fault a valve is placed on the heating unit to close the steam supply when the 
damper is by-passing all of the air. This valve is used in addition to the damper operator 
explained in the foregoing paragraph, but though giving better results, it may fail to 
prevent drafts. 

3. In some unit ventilators one or more heating units are used without a mixing 
damper. A gradual-acting valve on each heating unit controls the supply of steam to the 
unit to give the proper amount of heat required to maintain the desired room tempera- 
ture. A thermostat to govern each valve may be installed in the room, or one thermostat 
may be used for all valves, but unless a thermostat is placed directly in the air stream of 
each unit, drafts may be encountered. 

4. Another type of unit ventilator is arranged so that all recirculated air pas^s 
through the heating unit, and the outside air is introduced into the room for cooling 
purposes only. The outside air damper and the recirculated air damper are interlocked 
so that one damper operator will control them. In addition a valve operator is placed 
on the heating unit. Both of the operators should move gradually to avoid drafty con- 
ditions. When the thermostat calls for heat, the damper operator slowly closes the 
outside air damper and simultaneously opens the recirculating damper; if this does not 
meet the demand, the valve on the heating unit opens until the room temperature reaches 
the desired point. 

For additional information on the control of unit ventilators, refer to 
Chapter 13. 

Central Fan Heating and Ventilating Systems 

The numerous types of central fan systems present many control 
problems. In general they all have one point in common, namely, that 
the temperature change may be very fast because of rapid circulation. 

System for Ventilating Only (Split System). Fig. 4 shows an accepted 
control for ventilating systems. Thermostat A located in the outside air 
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duct is set just above freezing, and controls a valve C on the first heating 
coil. This valve is either completely open or completely closed. The by- 
pass damper B and the other two valves D and E are controlled by a duct 
thermostat F located in the discharge duct from the fan. If the tempera- 
ture of the air surrounding the thermostat F increases, the damper is 
moved automatically to admit more cold air. Should this not reduce the 
temperature sufficiently, the valves on the heating coil will be closed 
gradually and in sequence until the correct temperature is reached. The 
opening or closing of the damper B and the valves D and E must be 
gradual or there will be a wide fluctuation in air temperature. 

In ventilating systems it is customary to supply air to the ventilated 
spaces at an inlet temperature approximately equal to the temperature 
maintained in the rooms. The radiators therefore are designed to take 
care of all the heat losses from the room. Hence, in order to maintain 



Fig. 4. Control of a Split System of Ventilation 


controlled room temperatures it is necessary to use room thermostats 
governing control valves placed on the radiators. With this type of 
central fan system it is possible to ventilate a large number of rooms by 
means of one fan. 

In some installations, such as in theaters or auditoriums, it is difficult 
to install sufficient direct heating surface to offset the heat losses from 
the room. Also there are installations where a short heating-up period is 
allowed before occupancy of the room, and it is advisable to use the 
entire heating capacity of the ventilating system for this purpose. 

In central fan systems, air washers are often used and in such cases, due 
to the effect of temperatures on humidity, additional control is required. 
Fig. 5 shows such an arrangement with control of the second tempering 
heating unit by the air washer temperature and with the usual control 
of the first tempering heating unit by the outside temperature. This 
permits the air to be kept cool while passing through the washer so that 
too much moisture will not be absorbed. Fig. 5 also shows control of the 
reheating units by a duct thermostat in the fan discharge, and the 
application of a pilot thermostat to a system of this sort. 
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Combined Systems. There are various central fan systems which are 
used for both heating and ventilating. They are usually arranged with 
tempering heating units, automatically controlled to provide a minimum 
temperature for ventilating only, and additional heating units to supply 
the heating requirements. Fig. 6 shows a type of system which has the 
reheating units located in the fan room. Tempered air at about 70 F is 
supplied to the fan. It may be further heated by the reheating units, or it 
may pass into the tempered air chamber. A room thermostat controls a 
gradual-acting damper operator on the double mixing damper in the warm 
and tempered air chambers. When the thermostat calls for heat, the 



Fig. 5. Use of Pilot Thermostat on Ventilating System with Air Washer 


damper operator moves the dampers so that more air is taken from the 
warm air chamber. It is essential that the double mixing damper be 
moved slowly to prevent alternate blasts of hot and cold air from being 
supplied to the room. 

Outside Air, Recirculating, and Vent Dampers. In all types of plenum 
systems, the outside air damper is usually opened and closed by a damper 
operator. This operator may be controlled from a switch in the engi- 
neer’s room or it may be operated by a relay in the fan motor circuit. 
When the ventilating fan is started, the relay causes the damper operator 
to open the outside air damper. ' 

Recirculating dampers and vent dampers may also be opened and 
closed by means of damper operators controlled from remote locations. 
Generally these damper operators are positive acting and are either 
completely opened or closed. However, in some cases where part out- 
side air and part recirculated air is used, it is advantageous to use damper 
operators which have a certain number of definite positions. With this 
type of operator it would be possible to use 75 per cent outside air and 
25 per cent recirculated air, or any other proportions which might be 
predetermined. These damper operators are controlled from switches 
generally mechanically interlocked so that the total opening of the two 
dampers is 100 per cent. 
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Hand-Fired Coal Systems 

In small buildings the heating plant may be controlled by a single 
thermostat located in a key room in the building, instead of each room 
having its own control. 

The most common control for a hand-fired furnace or boiler consists of 
a room thermostat and a furnace regulator of some type. The thermostat 
should be located in a representative room; never, of course, near the 
chimney or heat flue, too close to a radiator, or in a drafty hallway, and 
preferably on an inside wall. The regulator is attached to the draft and 
check dampers of the furnace. When the temperature of the air sur- 



Fig. 6. Control of Mixing Dampers with Intermediate- Acting Thermostat 


rounding the thermostat drops, the thermostat causes the furnace regu- 
lator to open the draft and close the check damper. As soon as the room 
comes up to temperature, the draft is closed and the check damper 
opened. With this arrangement on hot water heating systems it is 
advisable to install an immersion thermostat in the boiler. This thermo- 
stat should be connected with the room thermostat so that both must call 
for heat before the draft is opened, but either one may cause the draft to 
be closed. On- warm air systems it is advisable to use a bonnet thermostat 
and on steam heating systems a pressure limiting device, in series in each 
case with the room thermostat. If the temperature of the heating 
medium becomes too high, the drafts will be closed even though the room 
thermostat continues to Ccdl for heat. 

There have been some recent improvements in controls of this type, 
involving the use of special types of thermostats and auxiliary apparatus 
which will give closer control and prevent overheating in mild weather. 

CONTROL OF AUTOMATIC FUEL APPLIANCES 

It is essential that automatic temperature control be used with oil 
burners, gas burners, and stokers to aid economical operation. There are 
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many types of burners and many types of control, but there are some 
points common to all. First, a room thermostat is located in a key 
position in the building to maintain a given temperature at that point. 
Safety devices are installed in connection with this thermostat so that a 
failure of the ignition, power, or fuel supply will shut the system down. 
The same limit controls as recommended for coal burning should be 
used. 

Oil Burners 

Fig. 7 illustrates diagrammatically the essentials of an oil burner con- 
trol circuit. Three thermostats are employed as shown in the illustration. 
Thermostat No. 1 will stop the burner when the room temperature is too 
high and No. 2 will stop the burner when the temperature of the heating 
medium e?cceeds the setting of thermostat No. 2. Both temperatures 
must be below their respective thermostat settings to start the burner. 
Thermostat No. 3 responds to the flame temperatures and in conjunction 
with the control switch acts as a safety to stop the burner if the latter 
fails to ignite or burn properly as demanded by thermostats No. 1 and 2. 

Domestic Applications 

Steam and hot water heating plants are often used to provide heat for 
the domestic hot water supply as well as for heating the building. Fig 8 
illustrates one such system. The burner control is similar to that shown 
in Fig. 7 except that either the room thermostat or the tank thermostat 
may start the burner. If the house is warm enough, the house tempera- 
ture control valve will remain closed, and the boiler, through the coil 
heater, will warm the water in the storage tank when the tank thermostat 
starts the burner. The burner will stop only when both thermostats are 
satisfied, or when the steam pressure shall have reached that allowed by 
the pressurestat. Much the same control is applied to gas burners and 
automatic coal stokers. 

Gas Heating Appliances 

On account of the ease and effectiveness with which the fuel can be 
controlled, gas-burning appliances are particularly adaptable to full 
automatic control. Standard equipment on a steam boiler generally in- 
cludes provision for control through a room temperature thermostat, a 
steam pressure regulator, and a device which shuts off the gas in the event 
that the water level becomes too low. Practically all gas boilers are or 
may be equipped with automatic safety pilots which shut off the gas if the 
pilot flame is too low. 

Water boilers are adapted to operation under thermostatic room tem- 
perature control and are also provided with water temperature control 
equipment. Warm air furnaces can be under the control of thermostats 
in the spaces being heated, as well as thermostats located in the heat ducts 
for the purpose of preventing unpleasantly hot air reaching the heated 
spaces. Variations in the pressure under which the gas is supplied to the 
appliance are controlled by means of a gas-pressure regulator. This is an 
essential part of practically all makes of gas-burning heating appliances; 
in fact, a gas-pressure regulator is required by the American Gas Associa- 
tion on all approved gas boilers, warm air furnaces (except floor furnaces) , 
and unit heaters. 


248 



Chapter 14 — Automatic Control 


INDIVIDUAL ROOM CONTROL 

The most elaborate type of automatic control is that by which the 
temperature in each room or in a group of rooms can be controlled. A 
thermostat in each room governs the valves on the radiators in that room, 



Fig. 7. Electric Thermostat Applied to Oil-Fired Heating System 
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Fig. 8. Typical Arrangement of Steam or Vapor System with Two 
Thermostats Controlling Automatic Fltel Burner Used 
for House Heating and Water Heating 

opening them as heat is called for and shutting them when the room is 
warm enough. The thermostats are all connected in relay so when any 
thermostat is calling for heat, an automatic burner will supply steam, hot 
water, or warm air, to the system ; and when all the thermostats are satis- 
fied, the burner will shut off. This is an excellent arrangement for larger 
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residences, and it may be applied, in modified form, in houses which have 
one room or a section that is difficult to heat. 

ZONE CONTROL 

Zone control is a step between a single thermostat and individual room 
temperature control. The building is first divided into sections or zones 
which may have quite different heat requirements. With this method of 
control : 

Firsl: The zoning should be done with reference to the compass, since 
the north and west quarters in most localities require considerably 
more heat during the heating season than do the south and east 
quarters. 

Second: Most large office buildings have more or less space occupied 
by merchants, and some by clubs, or restaurants, which have short 
hours of occupancy. Much can be accomplished in zoning with 
reference to the kind of occupancy of space. For additional infor- 
mation on this subject, refer to Chapter 31. 

Variations of the usual zone control methods by the use of recently 
developed special devices have been quite successful in obtaining greater 
economy from heating systems. Frequently these use an outside ther- 
mostat or group of thermostats which adjust the operation of the controls 
to conform to variations in weather conditions. 

COOLING UNITS 

Cooling units are readily adaptable to thermostatic control. Several 
arrangements are as follows: 

1. Room thermostat in conjunction with a magnetic or motor-operated valve to 
regulate the flow of refrigerant to coil. Usually the fans operate continuously. 

2. Room thermostat to control the operation of the compressor. The fans operate 
continuously. 

3. Room thermostat to control the operation of the fan motors. 

4. Room thermostat to control the operation of the fan motor and the compressor 
motor simultaneously. 

5. Room thermostat to control the operation of the compressor with back pressure 
control to regulate the fans. 


INDUSTRIAL PROCESSES 

There are many industrial processes requiring automatic temperature 
and humidity regulation. The control equipment operates on the same 
principles that have been described, but it is often especially designed for 
each particular process. Each installation, or the installation for each 
process, is likely to be a problem peculiar to that process. 

AIR CONDITIONING SYSTEMS 

The following fundamental principles should be borne in mind in the 
solution of problems involving the control of air conditioning systems: 
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1. Dew-point temperatures vary only with the amount of moisture. That is, no 
matter how much a given mixture of air and water vapor is heated or cooled, the dew- 
point temperature remains the same, as long as there is no addition or subtraction of 
water. Cooling below the dew-point temperature will, of course, cause condensation of 
the water vapor. Also, at the same temperature, there is always the same proportion of 
water vapor in the saturated mixture, provided sufficient water and time are furnished 
for saturation. 

Table 5, Chapter 1, shows the amount of moisture required to saturate a space at 
various temperatures. When the proper amount of moisture is determined, it is only 
necessary to set the air washer (dew-point) thermostat for the corresponding temperature 
of saturation; then if the air entering the washer has more humidity than desired, the 
excess will be condensed ; and if it has less, the deficiency will be absorbed from the sprays. 

For example, the dew-point temperature at 70 F and 40 per cent relative humidity is 
45 F. Therefore, if the air temperature is maintained at 45 F as it leaves an air washer 
(assuming it is fully saturated) and then is heated to 70 F, it will have a relative humidity 
of 40 per cent. If it is desired to maintain these conditions in a given space, the air tem- 
perature can be raised to any necessary point, say 120 F (at which the relative humidity 
will be only 9 per cent) . When the heat in the air has been dissipated, the space tem- 
perature being maintained at 70 F, the relative humidity will be 40 per cent. 

2. Within ordinary operating ranges, saturated air will have a relative humidity of 
approximately 50 per cent when its temj^rature is raised 20 deg. For example, satu- 
rated air at 40 F raised to 60 F has a relative humidity of 48 per cent; 60 F saturated air 
rai^d to 80 F has a relative humidity of 50 per cent. (See Table 4, Chapter 1.) Thus 
a differential thermostat can be used to maintain a nearly constant relative humidity of 
50 per cent by holding the dew-point temperature 20 deg below the dry-bulb temperature. 

3. The total heat of the air and the water vapor mixed with it varies directly with the 
wet-bulb temperature.^ For example, the occupants of an auditorium give off sensible 
heat which tends to raise both the dry-bulb and the wet-bulb temperatures of the space; 
but the occupants also give off moisture which increases the absolute humidity and tends 
to further raise the ■wet-bulb temperature by an amount which is a direct indication of 
the heat expended by each occupant in evaporating this water. This relationship is 
useful in regulating the total h^t, as wet-bulb temperatures can be controlled directly 
by means of a thermos'tat having a sensitive element covered with water-fed wicking, 
similar to a wet-bulb thermometer. 

For example, the total heat of air at 80 F and 60 per cent relative humidity is the same 
as for air saturated at 70 F, i.e., 33.5 Btu per pound, both having a wet-bulb temperature 
of 70 F. Air at 80 F and 60 per cent relative humidity (70 F wet-bulb — 33.5 Btu per 
pound) reduced to 70 F and 50 per cent relative humidity (58 F wet-bulb = 25.2 Btu 
per pound, total heat) must give up 8.3 Btu per pound. If the sensible heat and moisture 
pick-up in an auditorium is 8.3 Btu per pound of air handled in the conditioning system, 
the wet-bulb temperature of the air entering the space must be maintained at 5^8J^ F to 
secure a final condition of 80 F and 60 per cent relative humidity. 

Control of Relative Humidity 

The following are the most commonly used methods of controlling 
relative humidity: 

1. A thermostat is located in or at the outlet of a spray-type air conditioner which 
maintains a constant saturation temperature of the air leaving the conditioner by varying 
the temperature of water entering the suction of the pump supplying the spray nozzles, 
or by varying the temperature of the air entering the conditioner, or both. The tempera- 
ture of the air entering the conditioner may be varied by use of tempering heaters, or by 
the proper proportioning of supply and return air entering the conditioner. This thermo- 
stat is kno-wn as a dew-point thermostat, as it determines the dew-point temperature of 
the air introduced into the conditioned spaces. A second thermostat in the room, or in 
the ^th of the air leaving the room, maintains a constant dry-bulb temperature by 
varymg the amoimt of sensible heat added to the air leaving the conditioner, or by 
varying the volume of air introduced into the conditioned spaces. These two ther- 
mostat^ in combination, control the dry-bulb and dew-point temperatures, which 
accordingly fix the relative humidity. 

2. A wet-bulb thermostat is located in the room, or in the path of the air leaving the 
room, to maintain a constant wet-bulb temperature by varying the saturation tempera- 
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ture at the air conditioner outlet. A dry-bulb thermostat is located in the room to 
maintain a constant dry-bulb temperature, which in combination with a constant wet- 
bulb temperature fixes the relative humidity. 

3. A differential thermostat may be used to control relative humidity. This instru- 
ment consists of tvro thermostatic elements, one of which is in the path of the air leaving 
the conditioner, and the other under the influence of the dry-bulb temperature in the 
room. Instruments of this kind maintain a constant relative humidity by maintaining 
a constant difference between the dew-point temperature and the dry-bulb temperature 
in the room. (See Item 2 under Air Conditioning Systems.) One thermostatic element 
may be equipped with a moistening device to permit it to operate on wet-bulb tem- 
peratures. Such an instrument can be used to control the wet-bulb depression and thus 
the relative humidity. 

4. A humidistat which responds directly to changes in humidity may be used to 
maintain a predetermined relative humidity with constant or with varying temperature. 
It may do this by varying the dew-point temperature of air leaving a conditioner; by 
varying, with dampers, the proportion of moist and dry air; by varying the amount of 
moisture otherwise added to the air; or by varying the dry-bulb temperature. 

Humidification for Residences 

The principles underlying humidity requirements and limitations for 
residences are summarized in University of Illinois Bulletin No, 48^, as 
follows: 

1. Optimum comfort is the most tangible criterion for determining the air conditions 
within a residence. 

2. An effective temperature of 65 deg* represents the optimum comfort for the 
majority of people. Under the conditions in the average residence a dry-bulb tempera- 
ture of 69.5 F with relative humidity of 40 per cent is the most practical for the attain- 
ment of 65-deg effective temperature. 

3. Evaporation requirements to maintain a relative humidity of 40 per cent in zero 
weather depend on the amount of air inleakage to the average residence, and vary from 
practically nothing to 24 gal of water per 24 hours. 

4. Relative humidity of 40 per cent indoors cannot be maintained in rigorous climates 
without excessive condensation on the windows unless tight-fitting storm sash or the 
equivalent is installed. 

5. The problems of humidity requirements and limitations cannot be separated from 
considerations of good building construction, and the latter should receive serious atten- 
tion in the installation of humidifying apparatus. 

The following conclusions were drawn from the experimental results 
reported in the aforementioned bulletin: 

1. None of the types of warm air furnace water pans tested proved adequate to 
evaporate sufficient water to maintain 40 per cent relative humidity in the Research 
Residence except only in moderately cold weather. 

2. The water pans used in the radiator shields tested did not prove adequate to main- 
tain 40 per cent relative humidity in a residence similar to the Research Residence when 
the outdoor temperature approximated zero degrees Fahrenheit. 

Central Fan Air Conditioning Systems 

In central fan air conditioning systems as described in Chapters 9 and 
22, varying amounts of outside and recirculated air are used, except where 
contamination prevents re-use, and in general for obtaining humidity 
control under winter conditions heat is supplied to the air after it has 
passed the air washer. There are many control variations in use, and 


^See Humidification for Residences, by A, P. Kratz {University of Illinois, Bulletin No. 48). 

*Sixty-six deg is the optimum winter effective temperature recommended by the A.S.H.V.E. Committee 
on Ventilation Standards. See Chapter 2. 
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Fig. 9 shows a composite diagram, rather than a system of control for a 
single installation. The control valves for a dehumidifying air washer are 
shown in Fig. 10. The functions of the control devices shown in Figs. 9 
and 10 are as follows: 

Winter Operation (With Steam) 

1. Thermostat A opens a direct-acting valve in the steam supply to a low-capacity 
tempering coil P. The thermostat is set at 35 F. 

2. Thermostat B in the path of the air leaving the second tempering coil Q controls a 
valve in the steam supply to the coil Q at 45 F. 

3. Thermostat C controls the intake M and return air N dampers at 50 F. This 
location of thermostat C is primarily for operation with steam heating and at such times 
as by-pass damper 0 is closed. See discussion under the heading Spring and Fall Opera- 
tion. 



Fig. 9. Diagrammatic Arrangement of Various Phases of Control for a 
Central Fan Air Conditioning System 


4. Humidistat or wet-bulb thermostat D in the return air, acting through a relay, 
causes C to call for outside air when the relative humidity rises above 55 per cent or the 
wet-bulb temperature rises above 60 F ; also, if necessary, thermostat I) shuts off the 
water supply to the spray heads in the air washer and opens the supply to the flooding 
nozzles at the eliminator plates, by operating the three-way valve U (Fig. 10). The 
relative humidity must, of course, be changed to suit the requirements. It must be 
maintained low enough to avoid condensation on walls or windows.® 

5. Thermostat E in the discharge end of the air washer operates a three-way valve 
( F, Fig. 10) in the water circulating line so as to cause water to pass through or around 
a heating unit in order to produce the correct dew-point temperature by adding any 
necessary heat to the water. It may also operate a reverse valve W (Fig. 10) in the steam 
supply to the heating unit. The heat added may be only that sufficient to make up the 
temperature drop through the washer caused by evai:^ration. This thermostat is 
reverse-acting to prevent over-humidification in case of failure of the motive power. 

6. Thermostat F in the fan discharge operates a valve in the steam supply to the 
heater R in order to produce the lowest temperature at which air can be introduced into 
the conditioned space, without complaints of draft. This varies from 60 F to 70 F, 
depending on the velocity through the supply grilles and their location. 


•See discussion of condensation in Chapter 7. Also see i)aper entitled Frost and Condensation on 
Windows, by L. W. Leonhard and J. A. Grant (A.S.H.V.E. Transactions, Vol. 35, 1929). 
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7. Room thermostat Gina representative location controls a valve in the steam supply 
to the coil or coils S which supply the heat to replace the loss from the conditioned space. 

Summer Operation (With Refrigeration) 

Thermostats A, B, F, and G all hold their valves closed during summer 
temperatures which are above the thermostat settings, although this is 
unimportant while no steam is being supplied. 

1. Thermostat C, having been set for 50 F, supplies power to open wide the intake 
damper and close the return air damper under the higher summer temperatures, and this 
power can be passed through a graduating switch to permit manual operation of the 
dampers. As the wet-bulb temperature, or total heat, of the outdoor air is now normally 
greater than that of the return air, it is desirable in order to keep down cooling costs 
to recirculate the maximum amount of air. 

2. Humidistat D is by-passed so that power is applied directly to the three-way valve 
U (Fig. 10) to prevent shutting off the sprays. This by-pass can be arranged for cutting 
in manually, or automatically, with the starting of the refrigerating machinery. 
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Fig. 10. Control Valves for a Dehumidifying Air Washer 


3. Thermostat E, operating the three-way valve V (Fig. 10), now determines whether 
the spray water is to be passed through refrigerated coils or is to be recirculated without 
treatment, and thus it regulates the dew-point temperature. It is assumed that steam 
and refrigeration are not both turned on at the same time. 

4. Thermostat H operates a damper 0 in the by-pass space around the air washer so 
as to mix the warmer return air with the cold air leaving the dehurnidifier in such pro- 
portions as to give the minimum temperature at which air can be introduced into the 
conditioned space. This might be 70 F for a room temperature of 85 F. A switch 
installed in the power line from H should be so connected as to permit keeping damper 0 
closed during winter operation. 

5. Thermostat G, in addition to operating a valve on the heating unit S, acts as a pilot 
for thermostat H so as to retard the action of the latter in closing the by-pass damper 
when the temperature in the space is below the desired point. 

Spring and Fail Operation 

During a considerable part of the year, conditioning can be accom- 
plished by using all outside air or by mixing it with returned air. For 
example, when the total sensible heat gain in an auditorium is 2.4 Btu per 
pound of air being treated, outside air will be raised from 60 F to 70 F by 
the heat gain. During this period when dry-bulb temperatures are to be 
maintained at, or not much above, 70 F, the gain in sensible heat is the 
only factor that need be considered, because it is large in comparison with 
the gain in latent heat, except in restaurants and in some classes of 
industrial work. The intake and recirculating dampers can then be 
operated by thermostat F set at 60 F. It is assumed that such an outlet 
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temperature can be used; if not, the volume of air should be increased. 
Thermostat H, being set higher for hot weather, holds by-pass damper 0 
open to provide a maximum volume of air. In order to minimize over- 
humidification, the air washer and by-pass are arranged so that the return 
air stream tends to use the by-pass. However, since dehumidification is 
not required, the humidity control is obtained by shutting off the spray 
water by humidistat D, 

Except for heating-up periods or other times when the heat gain is not 
greater than the heat loss, a system of this t^^pe can be operated without 
artificial heat with outdoor temperatures as low as 40 F. For this reason 
it is economical to place a thermostat in the return air near D set to shut 
off a valve in the main steam supply to the system at a temperature 
about 3 degrees below that desired in the conditioned space. A pilot 
thermostat exposed to the outdoor temperature prevents the shut-off on 
days colder than 40 F. 

As previously stated, there can be many variations from these descrip- 
tions, some of which are : 

1. Tempering coils may consist of only one bank, P or Q, controlled by thermostat A 
or thermostat B. In any case the capacity of the heating unit controlled by the outdoor 
temperature must be as low as feasible, otherwise if steam is supplied to it when the out- 
door temperature is 30 F. the temperature of the air entering the washer is likely to be too 
high to permit maintaining the proper dew-point temperature. 

2. Both tempering coils may be omitted and the return air may be mixed with outside 
air by therniostat C so as to provide a proper temperature at the washer inlet. In this 
case, humidistat D should not act as a pilot. 

3. The heating unit for the air washer water may be omitted, and the proper dew-point 
temperature maintained by placing thermostat C in the location of E. This requires 
either additional heat from the tempering coils or more return air to make up the loss due 
to evaporation in the washer. 

4. Heating unit 5 may be combined with R in one or two banks and controlled by a 
one- or two-point thermostat at F, set for the minimum temperature at which air can be 
admitted into the conditioned space. For heating purposes, thermostat G then becomes 
a pilot for F so that these heating units are operating at full capacity when the space is 
cold, and are throttled by F when no heat is required. 

5. Another arrangement is the use of a tyf^ of thermostat at F which can operate 
at any temperature between a proper minimum and a necessary maximum, de- 
pending on the temperature of the space. Thus for winter operation when the room 
temperature is 68 F, the blower delivers air sufficiently warm to supply the heat required 
under extreme conditions, and when it is 74 F, the delivery will as cool as possible 
without complaint of drafts. A similar device can be used to replace H, and be set to 
operate between 60 and 80 F for summer conditions. 

6. For summer use, a remote readjustable thermostat can be located at i?, and can be 
reset by a pilot expos^ to the outdoor terap^ature. Thus as the outdoor temperature 
increases, the temperature in the space is maintained at a higher point. 

7. A constant portion of the return air may be brought to a point between the air 
washer and the blower, and the temperature of the air leaving the washer may be regu- 
lated to give the proper result at H, The r^^ation is accomplished by shutting off one 
or more groups of sprays, or by changing the temperature of the spray water until the 
proper degree of cooling is secured. 

8. Where an air washer large enough to pass all the air handled by the fan is selected, 
the by-pass and its damper 0 are not used. The washer sprays must be divided into two 
side-by-side sections so that one section can be turned on or off by H to provide the 
proper temperature. 

9. Where an ejector type heating unit is used for the spray water, a reverse-acting 
valve simffar to W (Fig. 10) must be placed in the steam supply to be operated by ther- 
mostat E, In this case it is usual to install in this steam line another reverse-acting 
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valve to be operated directly by the water pressure in the pump discharge line. This 
automatically shuts off the steam when the water circulating pump is not in operation. 

10. Based on the fact that the spray water in the air washer pan has practically the 
same temperature as the air leaving the washer, dew-point control can be accomplished 
by installing thermostat E in the water pan. 

11. Where cold well-water is used for dehumidification, it is admitted to the sprays 
through a three-way valve similar to V which is operated by thermostat E. 

12. Control of steam heat is shown entirely by valves, although it is usual to install a 
by-pass damper around each heating unit and to operate it, either with or without a 
damper over the face of the heating unit, in conjunction with the valve. 


PROBLEMS IX PRACTICE 

1 • How may temperature control be obtained in a room heated by a radiator 
with a constant steam supply? 

By a thermostat handling an individual radiator valve pneumatically or electrically, or 
by a sel^contained radiator valve. 

2 • How may temperature control be obtained in a room heated by a unit 
heater? 

With constant steam supply, the unit heater motor may be started or stopped by a 
thermostat, either directly or through a relay. With intermittent steam supply, opera- 
tion of the motor by thermostat can be limited to the time that steam is available, by 
using a reverse-acting temperature or pressure limit switch. 

3 • How may temperature control be provided in a room heated and venti- 
lated by a unit ventilator which includes two extended -surface units? 

Operation of the unit for service during occupancy of the room may be manual, by 
switch, or by time clock. When the desired temperature level is reached, the outside 
air intake may be controlled by a damper motor coupled with the fan motor circuit by 
means of a thermostat. The outside air damper will operate to a given position in 
either case. 

Air passing through the unit may be preheated through the first heating coil to a definite 
temperature by a control valve on the steam supply governed by a temperature controller 
reacting to the temperature of the air on the outlet side of the convector. The second 
heating coil may provide the necessary heating capacity, and the steam supply to this 
coil may be modulated, either manually or automatically, in accordance with the tem- 
perature required in the room. 

4 • How may temperature control be obtained in a room heated by a duct 
system? 

Air may enter the room from the central fan system at a predetermined minimum tem- 
perature. Heaters placed in the duct to bring the air up to this temperature should be 
equipped with face and by-pass dampers which may be adjusted by a positioning damper 
motor to give temperature control. 

5 • How may temperature be controlled in a room cooled by a unit cooler? 

Practice indicates that a thermostat should provide for the automatic operation at all 
hours of the fan and control valve on the refrigeration source, but that there be a manual 
switch to enable the fan to operate continuously during occupancy. 

6 • How may temperature control be obtained in a room cooled by a seK- 
contained mechanical unit? 

The fan operation may be controlled by a manual switch, while a room thermostat in con- 
junction with a solenoid valve may regulate the flow of the refrigerant to the coil. The 
thermostatic circuit might be operative only when the fans are running; and the com- 
pressor might be controlled by refrigerant pressure. 
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7 0 How may temperature coutrol be obtained in a room heated by an auto- 
matically-fired warm air furnace? 

A room thermostat might control the combustion unit; and a limit switch in the top of 
the furnace unit, when at a low setting of its control might operate the fan whenever 
there is a rise of temperature, and when at a high setting of its control it might shut off 
the combustion unit. A room humidity control operating a solenoid valve on the water 
supply to the humidifier, or operating a relay on the recirculating pump motor to the 
humidifier, may be connected in parallel with the fan motor. Humidification may be 
supplied only when heat is supplied and when the humidity control acts in conjunction 
with a time switch. 

8 0 How may Humidity be controlled in a unit humidifier for a steam or hot 
water heating plant? 

Since heat is required for evaporation, a temperature limit switch, preferably of the 
immersion type, may be placed in the heating supply riser to cause the unit to be in- 
operative when heat is not available. A room humidity control will operate a solenoid 
valve on the water supply to the sprays. Both the solenoid valve and the humidity 
control may be electrically wired in parallel with a fan motor, and be subject to the 
temperature limit switch. 

9 # Discuss a control system, including control of humidity, for the heating 
cycle of a central fan system of air conditioning. 

During the heating cycle it is necessary to vary the amount of outdoor air drawn into the 
system in accordance with the tem^rature of that air. It is also advisable to adjust the 
volume of return air when mixing it with the outdoor air so that the resultant mixture 
will be of constant volume delivered to the preheater coils at some predetermined con- 
stant temperature. 

By placing a temperature controller in the conditioner just ahead of the preheating coil, 
the temperature of the air delivered at that point may be measured, and by connecting 
this controller to a damper motor attached to the intake damper this damper can be 
operated by a temperature variation at the controller. The intake damper is so linked 
to the return damper that the combined volume of air delivered through the ducts of the 
system is constant. At a fall in outdoor temperature, this arrangement will move the 
intake damper to a closed position and the return damper to an open position, whereas 
the reverse wdll hold true when there is a rise in outdoor temperature. 

If conditions prevent such mechanical linkage, it is possible to use two damper motors 
connected so they are operated individually but in inverse ratio. 

The operation of the preheating coils should be dependent upon humidity conditions in 
the occupied spaces, and the humidity controller should be installed where conditions 
are representative of the humidity throughout the section, because air leaving the pre- 
heating coils is immediately passed through a spray where it becomes saturated with 
moisture. If the air is cold, it will absorb so little moisture that when it is delivered to 
the conditioned spaces its relative humidity will be low. When the compensated hu- 
midity control calls for additional moisture, the steam control valve in the preheater 
line should be opened to allow more steam to flow through the coils. 

Whenever the preheating coils are being heated the spray should be in operation, but 
when the coils are cut off the air is sufficiently moist and the spray should be closed 
down. This necessitates an inter-connection between the control valve on the pre- 
heater and the spray pump on the water supply. Water is supplied to the spray during 
the heating cycle from a recirculating water tank beneath the sprays. 

The reheating coil determines the dry-bulb temperature of the delivered air, so if the 
conditioner is equipped with both face and by-pass dampers on this coil it is obvious that 
these dampers should be controlled by a thermostat located at some representative 
position in the space being supplied with the conditioned air. If this thermostat is in 
turn connected with auxiliary apparatus which will vary the damper settings, it will be 
possible to pass more or less air through the reheater as the temperature falls or rises. 

A low-limit temperature control might also be mounted in the discharge duct as a 
precaution against blowing cold air into the space. Such control would actuate the 
dampers of the reheater when the duct temperature fell below a predetermined minimum 
regardless of the demands of the master controller. 
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The amount of steam supplied to the reheater coils should be a function of the position 
of the dampers. If the face dampers are closed no heat is required, and to conserve 
steam suitable interconnection between the damper motor and the control valve should 
be made in order that this valve will close whenever the damper valve is closed. By 
adding modulating auxiliary apparatus to the steam valve, it may be made to operate 
proportionately to the setting of the dampers. 

10 • What is the relation between comfort, economy, and the use of tempera- 
ture controls? 

As a general rule, a moderate expenditure for control equipment can be justified on the 
basis of economy, but the cost of a complete system of individual room control can 
ordinarily be only partly so justified and the remainder must be charged to convenience 
and comfort. There are, however, many types of systems where the question w^ould not 
arise, for without complete control equipment these systems would be unusable. 
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AIR POIXUTION 

Sources of Air Pollution, Effects of Air Pollution on Health, Pul- 
monary Effects, Occlusion of Solar Radiation, Industrial Air 
Pollution, Abatement of Atmospheric Pollution, Smoke Abate- 
ment, Dust and Cinder Abatement 

T his chapter considers the hygienic aspects of atmospheric pollution 
and the methods by which this pollution may be lessened. Infor- 
mation concerning the cleaning of air brought into buildings for ventilat- 
ing purposes will be found in Chapter 16, and a discussion of the exhaust- 
ing of dusts and toxic gases from factories and industrial plants is con- 
sidered in Chapter 21. 

The impurities which contribute to atmospheric pollution include 
carbon from the combustion of fuels, particles of earth, sand, ash, rubber 
tires, leather, animal excretion, stone, wood, rust, paper, threads of 
cotton, wool, and silk, bits of animal and vegetable matter, and pollen. 
Microscopic examination of the impurities in city air shows that a large 
percentage of the particles are carbon. (See Fig. 1, Chapter 16, for size 
of impurities in air.) 

Dust, Fumes, Smoke 

The most conspicuous sources of atmospheric pollution may be 
arbitrarily classified according to the size of the particles as dusts, fumes, 
and smoke. Dusts are particles of solid matter varying from 1.0 to 150 
microns in size. Fumes include particles resulting from chemical pro- 
cessing, combustion, explosion, and distillation, ranging from 0.1 to 1.0 
micron in size. Smoke is composed of fine soot or carbon particles, less 
than 0.1 micron in size, which result from incomplete combustion of 
carbonaceous materials, such as coal, oil, tar, and tobacco. In addition to 
carbon and soot, smoke contains unconsumed hydrocarbon gases, sulphur 
dioxide, sulphuric acid, carbon monoxide, and other industrial gases 
capable of injuring property, vegetation, and health. 

The lines of demarcation in these three classifications are neither sharp 
nor positive, but the distinction is descriptive of the nature and origin of 
the particles, and their physical action. Dusts settle without appreciable 
agglomeration, fumes tend to aggregate, smoke to diffuse. Particles 
larger than one micron will eventually settle out by gravitation ; particles 
smaller will remain in suspension as permanent impurities unless' they 
agglomerate to rizes larger than one micron. 
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Fly-Ash, Cinders 

The term Jly-ash is usually applied to the extremely small particles of 
ash, and the term cinder to the larger particles of coke and ash which are 
discharged with the gases of combustion from burning coal. 

AIR POLLUTION AND HEALTH 

Many kinds of dusts and gases are capable of producing pathological 
changes which may cause ill health. The harmful effects depend largely 
upon the chemical and physical nature of the impurities, and the con- 
centration, length of time, and conditions under which they are breathed. 
Dust particles must be minute in size to be inhaled at all, although fairly 
large particles may gain access to the upper air passages. 

The human body possesses remarkable filtering media for protecting 
the lungs. Small hairs which line the nasal passages, and a multitude of 
microscopic hairs, called cilia, in the epithelial lining in the bronchial 
tubes intercept many of the dust particles before they reach the lungs. 

The constant inhalation of dusts in city air irritates the mucous mem- 
branes of the nose, throat, and lungs, and eventually may produce dis- 
comfort and a series of minor respiratory disorders. The pigmented lung 
of the city dweller is an example of the pathological change produced over 
a period of years. This condition may be of no clinical importance, but 
an exaggeration of it in the coal miner results in anthracosis or dark spots 
on the lung due to the presence of pigment in the lymph channels which 
impairs the functioning of the lung cells under stress. 

Effects of Solids 

Bronchitis is the chief condition associated with exposure to thick dust, 
and follows upon inhalation of practically any kind of insoluble and non- 
colloidal dust. Atmospheric dust in itself cannot be blamed for causing 
tuberculosis, but it appears to have a marked influence in aggravating the 
disease once it has started. There is, however, quite reliable evidence 
that carbon pigment, one of the atmospheric dusts, tends to wall off local 
tuberculosis rather than to further its spread. 

The sulphurous fumes and tarry matter in smoke are probably more 
dangerous than the carbon. In foggy weather the accumulation of these 
substances in the lower strata may be such as to cause irritation of the 
eyes, nose, and respiratory passages, leading to asthmatic breathing and 
bronchitis and, in extreme cases, to death. The Meuse Valley fog 
disaster will probably become a classic example in the history of gaseous 
air pollution. Released in a rare combination of atmospheric calm and 
dense fog, it is believed that sulphur dioxide and other toxic gases from 
the industrial region of the valley caused 63 sudden deaths, and injuries 
to several hundred persons. Physical examination showed difficult 
breathing, rapid pulse, cyanosis, cardiac dilation, and a redness and 
inflammation of the mucosa of the nose, mouth, throat, trachea, and 
bronchi. 

Carbon monoxide from automobiles and from chimney gases con- 
stitutes another important source of aerial pollution in busy cities. 
During heavy traffic hours and under atmospheric conditions favorable to 
concentration, the air of congested streets is found to contain enough CO 
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to menace the health of those exposed over a period of several hours, 
particularly if their activities call for deep and rapid breathing. In open 
air under ordinary conditions the concentration of CO in city air is 
believed to be insufficient to affect the average city dweller or pedestrian. 

Occlusion of Solar Radiation 

The loss of light, particularly the occlusion of solar ultra-violet light 
due to smoke and soot, is beginning to be recognized as a health problem 
in many industrial cities. Measurements of solar radiation in Baltimore^ 
by actinic methods show that the ultra-violet light in the country was 
50 per cent greater than in the city. In New York City^ a loss as great as 
50 per cent in visible light was found by the photo-electric cell method. 

The effect of air pollution on the health of city dwellers is difficult to 
determine, owing to the slowness of its manifestations. The aesthetic and 
economic objections to air pollution are so definite, and the effect of air- 
borne pollen can be shown so readily as the cause of hay fever and other 
allergic diseases, that means and expenses of prevention or elimination of 
this pollution have seemed justifiable to the public. 

AIR POLLUTION IN INDUSTRY 

In many industrial processes, sufficient amounts of dusts, fumes, and 
vapors are liberated to be injurious to the health of workers. Some dusts 
are poisonous (lead, mercury, arsenic, manganese, and cadmium) and 
some act as irritants (silica, steel, iron, and granite). Certain dusts may 
produce catarrhal conditions and increase susceptibility to such diseases 
as bronchitis, pneumonia, and tuberculosis. Silicious dust is especially 
harmful because it has a direct damaging action upon the tissue of the 
lungs, but organic dusts, both animal and vegetable (hair, pollen, textile, 
and fiber), do not seem to affect the lungs at all, although they may cause 
considerable discomfort in the upper respiratory passages to persons 
sensitive to them. 

Industrial gases and fumes act specifically upon the mucous mem- 
branes, the lungs, blood, skin, and eyes. Some extremely poisonous gases 
act after very short exposures. Among these are carbon monoxide, 
hydrogen sulphide, ammonia, chlorine, bromine, arsine, and cyanogen. 

The industrial processes which liberate harmful substances are too 
manifold and the effects too diverse to be considered here, where dis- 
cussion is limited to the commonest and most serious with which the 
ventilating engineer may be confronted, namely, carbon monoxide, lead, 
and silica. For a more thorough treatise on the subject reference should 
be made to books by Hamilton®, Ro'senau*, and Henderson and Haggard®. 

Carbon Monoxide Poisoning 

Carbon monoxide is a common form of poisonous industrial gas, met 
with in mines, foundries, coke-oven sheds, garages, and houses. Its action 

^Effects of Atmospheric Pollution upon Incidence of Solar Ultra-Violet Light, by J. H. Shrader, M. H. 
Coblentz and F. A. Korff (American Jotarnal of Public Healthy p. 7, Vol. 19, 1929). 

^Studies in Illuniination, by J. E. Ivea (U. S, Public Health Service Bulletin No 197, 1930). 

•Industrial Poisons in the United States, by Alice Hamilton. 

•Preventive Medicine and Hygiene, by Milton J. Rosenau. 

Noxious Gases, by Y. Henderson and H. Haggard. 
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is due to the fact that the combining power of carbon monoxide with the 
haemoglobin of the red blood corpuscles is about 300 times greater than 
that of oxygen. Since the resulting stable combination destroys the 
power of the haemoglobin to unite with oxygen in the lungs and to supply 
it to the tissues, the effects are due to lack of oxygen, and the symptoms 
are those of anoxemia, namely, dizziness, headaches, sleepiness, fatigue, 
and, in extreme cases, paralysis and death. The dangerous saturation 
level of the blood with carbon monoxide is about 50 per cent. Even as 
little as 0.07 per cent in the air will render, in half an hour, one quarter of 
the red corpuscles incapable of uniting with oxygen. One to two parts 
per 10,000 parts of air is set as a safe limit of pollution which may be 
breathed for a long time without producing perceptible symptoms. 

Silicosis 

Silicosis is a chronic disease of the lungs which results from the local 
physio-chemical action of hydrated silica upon the pulmonary tissue, 
causing progressive lymphatic fibrosis, and rendering the tissue suscep- 
tible to tuberculosis. The disease is slow in evolution, requiring usually a 
number of years of exposure. It occurs principally among granite 
workers, sand blasters, metal miners, metal polishers, potters, and mill- 
stone workers. 

Lead Poisoning 

Lead poisoning is the most insidious and most common of all industrial 
diseases. It occurs principally among lead workers and smelters, lead 
miners, potters, painters, typesetters, stereotypers, plumbers, and 
workers with glass, gold and silver. Lead, in practically all forms, is a 
cumulative poison which is absorbed by way of the blood stream, chiefly 
from the respiratory tract, but also from the digestive tract and from the 
skin. The effect may be either an acute or chronic poisoning. The 
principal symptoms are colic, constipation, anemia, headache, anorexia, a 
bluish line along the edges of the gums, rheumatic pains, and, in extreme 
conditions, paralysis, blindness, insanity, and death. 

It has been found^ that 2 mg per day is the smallest dose, by inhalation, 
which in the course of years may result in le^d poisoning. Regular 
inhalation during the usual working hours of air containing less than 
0.2 mg of lead per cubic meter does not seem to produce serious lead 
poisoning in individuals of representative industrial groups’^. 

Prevention 

The prevention of industrial hazards from dusts and poisonous gases is 
largely a ventilation problem consisting of keeping the impurities in air 
down to a safe concentration. As yet there are no generally accepted 
standards on which to base the design of the ventilation equipment. 
Approximate data on the toxicity of various gases and fumes met with in 
industrial establishments are given in Table 1. Column 5, giving the 
maximum allowable concentrations for prolonged exposures, was com- 
piled from experiments in which most exposures lasted not more than a 

•Lead Poisoning, by Thomas Morrison Legge ^Journal Royal Society Aris^ 1929, Vol. 77, p. 10^). 

^What is a Dangerous Quantity of Lead Dust in Air, by C. M. Sails {iTtdustrial Hygiene Bulletin, New 
York State Department of Labor, 1925). 
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week, and it is reasonable to assume that over more prolonged exposures 
such concentrations would cause pernicious effects. 

Much is known concerning the physiological and pathological effects 
induced by various types and concentrations of atmospheric pollutants. 
In the absence of an accepted standard for safe breathing, and because of 
the slow, cumulative effects of certain kinds of air contaminants, the 
best procedure is the periodic medical examination of individuals, and the 


Table 1. Toxicity of Gases and Fumes in Parts per 10,000 Parts of Air^ 


Vapor or Gas 

Rapidly 

Fatal 

Maximum 

Concentration 

FOR FROM 

H TO 1 Hour 

Maximum 

Concentration 

FOB 1 Hour 

Maximum 

Allowable 

FOR Prolonged 
Exposure 

Carbon monoxide 

40 

15-20 

10 

1 

Carbon dioxide 

800-1000 




Hydrocyanic acid 

30 

m 


V 

Ammonia 

50-100 

25 

3 

1 

Hydrochloric acid gas 

10-20 

Vi 


Ho 

Chlnrinf^ 

10 

Yt, 



Hydrofluoric acid gas 

2 

Yo 



.STilphiTr dinxidp 

4-5 

U-1 



Hydrogen sulphide 

10-30 

'^7 

2-3 

1 

Carbon bisulphide— 


11 

5 

Vi 

Phosphene 

20 

4-6 

1-2 


Arstnp^ 

2H 

H 

Vi 


PhofiCTftne __ _ 

Over 

Y 


NitmiiR fiimw?.... 

214-71I 

1-lY ; 


Benzene 

190 

31-47 

1^3 

Toluene and xylene 1 

190 


31-47 

Aniline ' 



1-1 H 

Yo 

NTitrnbenzene i 



Yoo 

Hoo 

Pptrol 

243 1 

100-220 

Carbon tetrachloride 

480 i 

240 

40 

16 

Chloroform 

250 

140 

50 

2 

Tpfrarhlnrptha 

73 



lY 

Trichlorethylene - 

370 



M<a^thyT rhlond<» 

1500-3000 

2d(Mbo 

"76” 

5-10 

Methyl bromide 

200-400 

20-40 

10 

2 

T,ead va por 




5-6 







aOriginal data compiled by Y. Henderson and H. Haggard. (See Noxious Gases, 1927.) Data revised 
by T. M. Legge. (See L^sons Learned from Industrial Gases and Fumes, Institute of Chemistry of Great 
Britain and Ireland, London, 1930.) 


routine measurement and study of the concentration and the physical and 
chemical characteristics of the dusts to which those individuals are 
exposed. 


ABATEMENT OF SMOKE AND AIR POLLUTION 

Successful abatement of atmospheric pollution requires the combined 
efforts of the combustion engineer, the public health officer, and the 
public itself. The complete electrification of industry and railroads, and 
the separation of industrial and residential communities would aid 
materially in the effective solution of the problem. 

In the large cities where the nuisance from smoke, dust and cinders is 

26S 



American Society of Heating and Ventilating Engineers Guide, 1935 


the most serious, limited areas obtain some relief by the use of district 
heating. The boilers in these plants are of large size designed and oper- 
ated to burn the fuel without smoke, and some of them are equipped with 
dust catching devices. The gases of combustion are usually discharged at 
a much higher level than is possible in the case of buildings that operate 
their own boiler plants. 

In general, time, temperature and turbulence are the essential require- 
ments for smokeless combustion. Anything that can be done to increase 
any one of these factors will reduce the quantity of smoke discharged. 
Especial care must be taken in hand-firing bituminous coals. (See 
Chapter 27.) 

Checker or alternate firing, in which the fuel is fired alternately on 
separate parts of the grate, maintains a higher furnace temperature and 
thereby decreases the amount of smoke. 

Coking and firing, in which the fuel is first fired close to the firing door 
and the coke pushed back into the furnace just before firing again, pro- 
duces the same effect. The volatiles as they are distilled thus have to 
pass over the hot fuel bed where they will be burned if they are mixed with 
sufficient air and are not cooled too quickly by the heat-absorbing surfaces 
of the boiler. 

Steam or compressed air jets, admitted over the fire, create turbulence 
in the furnace and bring the volatiles of the fuel more quickly into contact 
with the air required for combustion. These jets are especially helpful 
for the first few minutes after each firing. Frequent firings of small 
charges shorten the smoking period and reduce the density. Thinner 
fuel beds on the grate increase the effective combustion space in the 
furnace, supply more air for combustion, and are sometimes effective in 
reducing the smoke emitted, but care should be taken that holes are not 
formed in the fire. A lower volatile coal or a higher gravity oil always 
produces less smoke than a high volatile coal or low gravity oil used in 
the saine furnace and fired in the same manner. 

The installation of more modern or better designed fuel burning equip- 
ment, or a change in the construction of the furnace, will often reduce 
smoke. The installation of a Dutch oven which will increase the furnace 
volume and raise the furnace temperature often produces satisfactory 
results. 

In the case of new installations, the problem of smoke abatement can 
be solved by the selection of the proper fuel-burning equipment and 
furnace design for the particular fuel to be burned and by the proper 
operation of that equipment. Constant vigilance is necessary to make 
certain that the equipment is properly operated. In old installations the 
solution of the problem presents many difficulties, and a considerable 
investment in special apparatus is necessary. 

Legislative measures at the present time are largely concerned with the 
smoke discharged from the chimneys of boiler plants. Practically all of 
the ordinances limit the number of minutes in any one hour that smoke of 
a specified density, as measured by comparison with a Ringelmann Chart 
(Chapter 40), may be discharged. 

These ordinances do not cover the smoke discharged at low levels by 
automobiles, and, although they have been instrumental in reducing the 
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smoke emitted by boiler plants, they have, in many instances, increased 
the output of chimney dust and cinders due to the use of more excess air 
and to greater turbulence in the furnaces. 

Legislative measures in general have not as yet covered the noxious 
gases, such as sulphur dioxide and sulphuric acid mist, which are dis- 
charged with the gases of combustion. Where high sulphur coals are 
burned, these sulphur gases present a serious problem. 

DUST AND CINDERS 

The impurities in the air other than smoke come from so many sources 
that they are difficult to control. Only those which are produced in 
large quantities at a comparatively few points, such as the dust, cinders 
and fly-ash discharged to the atmosphere along with the gases of com- 
bustion from burning solid fuel, can be readily controlled. 

Dusts and cinders in flue gas may be caught by various devices on the 
market, such as fabric filters, dust traps, settling chambers, centrifugal 
separators, electrical precipitators, and gas scrubbers, described in later 
paragraphs. 

The cinder particles are usually larger in size than the dust particles; 
they are gray or black in color, and are abrasive. Being of a larger size, 
the range within which they may annoy is limited. 

The dust particles are usually extremely fine; they are light gray or 
yellow in color, and are not as abrasive as cinder particles. Being ex- 
tremely fine, they are readily distributed over a large area by air currents. 

The nuisance created by the solid particles in the air is dependent on 
the size and physical characteristics of the individual particles. The 
difficulty of catching the dust and cinder particles is principally a function 
of the size and specific gravity of the particles. 

Lower rates of combustion per square foot of grate area will reduce the 
quantity of solid matter discharged from the chimney with the gases of 
combustion. The burning of coke, coking coal, and sized coal from which 
the extremely fine coal has been removed will not as a general rule produce 
as much dust and cinders as will result from the burning of non-coking 
coals and slack coal when they are burned on a grate. 

Modem boiler installations are usually designed for high capacity per 
square foot of ground area because such designs give the lowest cost of 
construction per unit of capacity. Designs of this type discharge a 
large quantity of dust and cinders with the gases of combustion, and if 
pollution of the atmosphere is to be prevented, some type of catcher must 
be installed. 

Dust and Cinder Catchers^ 

The various types of dust and cinder catchers available today can be 
divided into six general classes: 

1. Settling chambers. 

2. Dust and cinder traps. 

3. Centrifugal separators. 

•See Smoke and Dust Abatement, by M. D. Kngle (A.S.H.V.E, Transactions, Vol. 37, 1931). 
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4. Electrostatic precipitators. 

5. Gas scrubbers. 

6. Fabric filters- 

The selection of the proper type of catcher calls for a careful study of 
the material to be caught and the draft and space available. After 
installation, constant vigilance is necessary to keep the catchers in proper 
working condition if satisfactory operation is to be obtained. 

If possible, the dust or cinder catcher should be installed on the inlet 
side of the induced draft fans because the dust and cinders in the gases 
seriously erode the wheels of the fans, the inlet connectio.'.s and the 
scrolls. Where the induced draft fans operate at high tip speeds and no 
catchers are installed, it is not uncommon for the fans to require major 
repairs within one year and complete replacement within five years. 

Settling Chambers 

Probably the oldest form of dust catcher is the settling chamber, 
which generally consists of a large-sized, gas-tight space into which the 
dust-laden gases are discharged before being delivered to the chimney. 
The velocity of the gas should be reduced to a point where the larger and 
heavier particles will be precipitated by gravity. For good operation, the 
velocity of the gas should be reduced to a maximum of 2 f ps. The bottoms 
of the chambers should be provided with dump plates through which the 
collected dust can be removed. Because these chambers are not effective 
in removing the finer dust particles they have been practically superseded 
by smaller and less costly devices. 

Traps, Catchers, Precipitators 

Various types of traps have been devised. In general they all depend 
upon breaking the gas up into thin strata and subjecting those thin 
strata to several abrupt changes in direction. The dust is thrown out 
of the gas stream into specially shaped pockets, or impinged against a 
roughened surface. The trapping pockets are drained into a hopper 
below with a small quantity of gas and the dust settles out by gravity due 
to the low velocity in the hopper. In the roughened surface type, various 
sections of the trap are closed off at intervals by means of dampers and 
the dust is shaken off the roughened surface into a hopper below. 

These devices work very well in catching large size dust and cinders and 
trap much of the fine dust. They have been used most extensively on 
stoker-fired installations. They have the advantages of low pressure 
drop, relatively small space requirements, and low first cost. 

Centrifugal catchers obtain separation by projecting the particles 
tangentially out of the gas stream. The effectiveness of this type of 
catcher varies directly as the specific weight of the dust and as the square 
of the tangential velocity, and inversely as the radius of rotation. 

Electrostatic precipitators are used for catching fine dust. Th^ 
precipitators consist of dust-tight chambers in which are suspended rein- 
forced concrete slabs on about 10-in. centers. Between the slabs are 
suspended bare metal rods. High-voltage unidirectional current^ is 
applied to the reinforcing rods in the concrete slabs acting as positive 
electrodes, the bare rods acting as negative electrodes. The dust-laden 
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gas flows horizontally through the precipitator and the dust particles 
migrate toward the concrete slabs to which they adhere and then fall or 
are scraped off into the dust hoppers below. 

Gas Scrubbers 

Wet scrubbers have been used for many years for removing dust from 
gases. A number of different types of scrubbers are now being built for 
removing dust from boiler flue gases. One type depends upon saturating 
the gas and washing the dust out of suspension by a spray of water. For 
best results with this type, the water should be atomized into as fine a 
spray as possible. 

Another type depends upon splitting the gas into thin strata and 
subjecting these strata to a number of abrupt changes in direction, 
throwing the dust against the wet surfaces. The main problem in develop- 
ing a satisfactory wet dust catcher is to find suitable materials of con- 
struction that will resist the corrosive action of the wash water for a 
reasonable length of time. 

Fabric Filters 

Filters of many kinds have been used with variable success. The 
filter bags are made of cotton, wool or asbestos fabric. The fabrics used 
in these filters do not withstand the temperatures at which gases are 
usually discharged from the boilers, and hence the gases must be cooled by 
some means. Surface coolers or water sprays can be used for reducing the 
gas temperatures. 

One of the serious objections to all of these dust catchers is the relatively 
high cost of installation and maintenance, and the space required for 
installation. 

Disposal of Dust and Cinders 

Even after the dust and cinders have been caught, the disposal of the 
material caught presents a serious problem. The cinders discharged with 
the gases from stoker-fired boilers are usually very high in carbon and 
contain from 50 to 80 per cent as much heat per pound as the coal which 
is being burned. It is possible, and usually economical, to burn these 
cinders. They cannot be satisfactorily mixed with the coal in the stoker 
hopper but they can be blown into the furnace over the stoker fuel bed 
and burned satisfactorily. If a sufficient quantity of cinders is caught, a 
small unit pulverizer can be installed to prepare them for burning over 
the stoker fuel bed. The same pulverizer can be used for coal at times of 
peak load and will materially increase the capacity of the fuel-burning 
equipment for the boiler to which it is connected. 

No satisfactory market has been developed for the dust caught from 
pulverized coal installations, but the possibilities are being investigated 
and it seems likely that in the future this material will have a market 
value that will go a long way toward paying the fixed charges on the cost 
of catching it. 

The distribution of dust in the gas entering and leaving the dust and 
cinder catchers is not uniform and is different in practically every in- 
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stallation, and varies widely with changes in furnace conditions. In 
order to obtain a representative sample it is necessary to traverse the 
inlet and outlet of the catcher with a sampling tube which faces into the 
gas flow. The velocity of the gas into the sampling tube must be the 
same as the velocity of the gas in the duct at the instant the sample is 
taken. The swirls and eddy currents in the ducts make it difficult to 
obtain consistent readings, but if the test is conducted by some one of 
experience, an indication of the approximate efficiency can be obtained. 

Nature's Dust Catcher 

Nature has provided means for catching solid particles in the air and 
depositing them upon the earth. A dust particle forms the nucleus for 
each rain drop and the rain picks up dust as it falls from the clouds to the 
earth. In fact, without dust in the air to form the nuclei for rain drops it 
would never rain, and the earth would be continually enveloped in a cloud 
of vapor. 


PROBLEMS m PRACTICE 

1 • What is a micron? 

A micron equals 0.001 millimeter or approximately Msoo in. 

2 • Distinguish between dusts, fumes, and smokes. 

Solid particles ranging in size from 1.0 micron to 150 microns are called dusts. 

Particles resulting from sundry chemical reactions and ranging from 0.1 to 1.0 micron in 
size are called fumes. 

Carbon particles less than 0.1 micron in size which generally arise from the incomplete 
combustion of such materials as coal, oil, or tobacco are called smokes. 

3 • What are some of the more important physical properties of these various 
groups of foreign bodies which are of importance in ventilation? 

In slowly moving air, dusts tend to settle out by gravity without agglomerating to form 
larger particles; fumes have the tendency to form larger particles which will settle when 
they attain the size of approximately 1.0 micron; while smokes tend to diffuse and remain 
in the air as permanent impurities. 

4 • Why is atmospheric pollution an important engineering problem? 

a. Certain impurities, when present in too great concentrations, cause ill health or even 
death. 

h. High concentrations of solids occlude solar radiations. 

c. Some materials cause permanent injury to parts of buildings, as sulphur fumes corrode 
exposed metal. 

d. Extra cleaning expense is incurred in dusty localities. 

e. Internal combustion engines are damaged by abrasive dusts. 

5 • How may the hazards of dust-producing industrial ox^rations best be 
curtailed? 

By providing mechanical exhaust ventilation sufficient to keep dust concentration at a 
safe level (see Table 1) and then removing foreign bodies to reduce the pollution of out- 
side air. 

6 # How may the pollution of the atmosphere be lessened? 

By compelling industrial plants to install dust catching and snioke controlling devices. 
In many cities the domestic heating plant is one of the most serious offenders, but these 
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plants are too small to justify the installation of dust catchers. Public education in 
improved firing methods would be of considerable help in this field. 

7 • Compare the dry and wet types of dust catchers. 

The dry types are very effective in removing the larger dust particles but the smaller 
particles generally pass through other kinds than the electric precipitator. The dry 
types also require considerable space and therefore sometimes introduce resistance to 
the flow of air. The wet types are effective in removing some of the smaller dusts and the 
water-soluble gases. The principal disadvantage of the washer is its short life caused 
by the corrosive action of the wash w'ater. 

8 • What size particles are detrimental to health? 

While fairly large particles may enter the upper air passages, those found in the lungs 
are seldom more than 10 microns in size, and comparatively few of them are more than 
5 microns. It is agreed that particles between and 2 microns may be harmful; some 
authorities place the upper limit at about 5 microns, and some incline to extend the 
lower limit to 0.1 of a micron. 

9 # Is the shape of the particle of any significance? 

Hard particles vdth sharp corners or edges have a cutting effect on the delicate mucous 
membranes of the upper respiratory tract which may lower the resistance of the nose and 
throat to acute infections. This is aggravated by the irritating effects of some chemical 
compounds which may be taken in with the air and which act to reduce resistance. 

10 • What are the principal meteorological eJffects of smoke and dust? 

a. The reduction in the amount of light received. Measurements have shown that 
visible light may be as much as 50 per cent less intense in a smoky section of a city than 
in a section that is free from smoke. Ultra-violet light is reduced as much or more, and 
in some cases is cut out entirely for a time. 

b. Smoke and dust aid in the formation and prolongation of fogs. City fogs accumulate 
smoke and become darker in color and very objectionable. The sun requires a longer 
time to disperse them, and when the water is evaporated, there is a rain of smoke and 
soot particles that have been entrained. 

11 • Why has not smoke abatement been more effective? 

Because communities have not been made sufficiently aware of the possibilities of 
burning high volatile fuels smokelessly and of separating cinder and ash from the stack 
gases to a degree that will prevent a nuisance. 

12 # Is the abatement of dust and cinders important? 

Yes. Only a small percentage of the solid emission from stacks is smoke, in the accepted 
popular sense; the remainder is fly-ash and cinders. While black smoke is disagreeable 
and its tarry matter and carbon particles soil anything with which they come in contact, 
the cinders and some of the ash are hard and destructive. They also, together with 
dusts from industrial processes, make up the hard, sharp, irritating, air-borne solids 
that are breathed by individuals not worlang in a dusty mill or factory. 

13 • Are air-bome impurities causative factors in hay fever, bronchial asthma, 
and allergic disorders? 

Yes. Recent medical investigations indicate that 90 per cent of seasonal hay fever and 
40 per cent of bronchial asthma are caused by air-bome pollens, tree dusts, and other 
allergic irritants. 

14 • Name some essential requirements for the smokeless combustion of fuels. 

Time, temperature, and turbulence. A study of these factors is usually of value in 
overcoming a smoke nuisance. 
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15 • What is the Ringelmann Chart Method of comparing smoke densities? 

See Chapter 40. The Ringelmann Chart consists of four cards ruled with lines having 
different degrees of blackness. These cards, together with a white card and a black one, 
are hung in a horizontal row 50 ft from the observer. At this distance the lines become 
invisible and the cards appear to be different shades of gray, ranging from white to black. 
The observer, by matching the cards against the shades of smoke coming from a stack, is 
able to estimate the blackness of the smoke as compared with the chart. 
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AIR CUEAA’ING DEVICES 


Requirements of an Air Cleaner^ Types^ Air Washers and Scrubbers, 
Viscous Type Filters, Dry Air Filters, Air Filter Installations 

T he removal of impurities from air brought into a building for 
ventilating or air conditioning purposes is the function of any air 
cleaning or filtering device. These impurities include carbon (soot) from 
the incomplete combustion of fuels burned in furnaces and automobile 
engines, particles of earth, sand, ash, automobile tires, leather, animal 
excretion, stone, wood, rust and paper, threads of cotton, wool and silk, 
bits of animal and vegetable matter, bacteria and pollen. Microscopic 
examination shows that the character of the impurities varies with the 
locality, but as a rule carbon forms the greater part of them while the 
total is somewhat proportional to the state of industrial activity and the 
wind intensity. Additional information on sources of air pollution will 
be found in Chapter 15. 

Observations have shown that practically all atmospheric impurities 
are less than 5 microns in size. (One micron equals 0.001 millimeter or 
approximately 0.00004 in.) The size and composition of each individual 
particle determines its buoyancy and consequently the length of time it 
will remain in suspension. The chart. Fig. 1, shows graphically the sizes 
of impurities found in the air, and other related data. 

To estimate the probable dust load for air filter installations, the 
following approximate averages of atmospheric dust concentration may 
be used (7000 grains equal 1 lb) : 

Rural and suburban districts 0.2 to 0.4 grains per 1000 cu ft 

Metropolitan districts 0.4 to 0.8 grains per 1000 cu ft 

Industrial districts 0.8 to 1.5 grains per 1000 cu ft 

REQUIREMENTS OF AN AIR CLEANER 

To fulfill the essential requirements of clean air, an air cleaner should: 

1. Be efficient in the removal of harmful and objectionable impurities in the air, such 
as dust, dirt, poUens, bacteria, 

2. Be efficient over a considerable range of air velocities. 

3. Have a low frictional resistance to air flow; that is, the pressure drop across the 
filter, measured in inches of water, should be as low as possible. 

4. Have a large dust-holding capacity without excessive increase of resistance, or 
have ability to operate so as to keep the reristance constant automatically. 

5. Be easy to dean and handle, or dean itself automatically. 

fl. Leave the air pacing through the deaner free from entrained moisture or charging 
liquids used in the deaner. 
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The A.S.H.y.E. Standard Code for Testing and Rating Air Cleaning 
Devices Used in General Ventilating Work^ explains how such devices are 
rated by (1) capacity in cubic feet of air handled per minute, (2) resistance 
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Fig. 1. Sizes and Characteristics of Air-Borne Solids 

in inches of water at rated capacity, (3) dust arrestance, the percentage 
relationship expressing dust removal efficiency at rated capacity, (4) 
reconditioning power, the energy necessary to operate the mechanism of 


lAdopted 1934 by A.S.H.V.E. See Chapter 41. 
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an automatic air cleaning device, and (5) dust holding capacity, the 
amount by weight of standard dust which a non-automatic air cleaning 
device will retain before reconditioning is necessary. 

TYPES OF AIR CLEANERS 

According to the Code, the following four classifications are given the 
devices : 

Class A. Automatic Type: In general all air cleaning devices which use power to 
automatically recondition the filter medium and maintain a non- varying resistance to 
air flow. 

Class B. Low Resistance Non- Automatic Type: Air cleaning devices for warm air 
furnaces, unit ventilating machines and similar apparatus and installations in which a 
maximum of not more than 0.18 in. water gage is available to move air through the air 
cleaning device. 

Class C. Medium Resistance Non- A utomatic Type: Air cleaning devices for systems 
in which a maximum of not more than 0.5 in. water gage is available to move air through 
the air cleaning device. 

Class D. High Resistance Non- Automatic Type: Air cleaning devices for the air 
intake of compressors, internal combustion engines, and the like, where a pressure of 
1.0 in. or more -water gage is available to move air through the air cleaning device. 

Air cleaners may be also classified as follows : 

1. According to principle of air cleaning. 

a. Air washers. 

b. Viscous air filters. 

(1) Unit type. 

(2) Automatic type. 

c. Dry air filters, 

2. According to application. 

a. For central fan systems of ventilation and air conditioning. Filters of the 
automatic or semi-automatic type are usually recommended and are installed 
in a central plenum chamber. 

b. For unit ventilators. Filters of viscous unit or dry type, installed at inlet of 
individual units. 

c. For window installations. Self-contained units consisting of fan and filter, 
usually dry type, adapted to be placed in the ordinary window. 

d. For warm-air furnaces. Unit type viscous or dry filters placed in small plenum 
chamber of warm-air house heating systems. 

e. For compressors and Diesel engines. Unit type viscous or dry filters, installed at 
air intake of compressors and Diesel engines. 

f. For compressed air lines. Unit type viscous or dry filters. 

With the growing congestion of large cities and an industrial growth 
throughout the entire country, the percentages of foreign material in the 
air, such as soot or carbon, which are unaffected by an air washer type of 
air cleaner, have increased. This has brought about the development of 
the viscous and dry type air filters which are part of many ventilating and 
air conditioning systems. 

AIR WASHERS AND SCRUBBERS 

Information on air washers will be found in Chapter 11. 

Scrubbers have not been used very extensively in the past for cleaning 
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air for ventilating purposes. However, new types have been developed 
which appear to have possibilities for cases where the air to be cleaned is 
extremely dirty or where a higher degree of cleanliness is desired than can 
be obtained with an air washer. 

VISCOUS TYPE FILTERS 

The principle of air cleaning used in viscous filters is that of adhesive 
impingement. Dust and dirt in the air, especially soot and carbons, are 
trapped and retained by successive impingements on coated surfaces. 
While the arrangements of filtering media and the kind of materials used 
are almost unlimited, there are certain rather definite requirements for a 
practical commercial filter. 

Investigations in this country and abroad demonstrate that the first 
impingement of dust laden air on a viscous coated surface removes about 
60 per cent of the dust, the next impingement takes 60 per cent of what 
then remains — that is, 24 per cent — and the next impingement removes 
9.6 per cent. To secure maximum efficiency, it is necessary to divide the 
air into innumerable fine streams, as the more intimately and freely the 
air is brought into contact with the viscous-coated media the better will 
be the cleaning. 

The binding liquid used with viscous filters should have the following 
properties : 

1. Its surface tension should be such as to produce a homogeneous film-like coating 
on the filter medium. 

2. The viscosity should vary only slightly with normal changes of temperature. 

3. It should be germicidal in its action to prevent the development of mold spores 
and bacteria on the filter media. 

4. The liquid should flow freely at low temperatures. 

5. Evaporation should not exceed 1 per cent. 

6. It should be fireproof. 

7. It should be odorless. 

Viscous Unit Filters 

In the unit type viscous filter, the filtering media are arranged in units 
of convenient size to facilitate installation, maintenance, and cleaning. 
Each unit consists of an interchangeable cell or replaceable filter pad and 
a substantial frame which may be bolted to the frames of other like units 
to form a partition between the source of dusty air and the fan inlet. 
The necessary washing, draining, and recharging equipment should be 
installed near each group of unit filters, with hot water and sewer con- 
nections provided. 

To secure greater dust holding capacity and a practically constant 
resistance and air volume, the ffiter media are usually placed in ^ the 
direction of air flow, with progressively finer filter densities determined 
by the percentage of dust impinged. This arrangement provides relatively 
large spaces for the collection of dirt in the front of the filter where the 
bulk of the dust is taken out without undue increase in resistance, while 
at the back of the filter the openings are smaller to secure high efficiency 
in the removal of the finer dust particles. 

The resistance of a well-designed unit filter of the adhesive impinge- 
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ment type usually depends upon the velocity at which the air is handled 
and upon whether the unit is clean or dirty. The cleaning efficiency of 
the unit is usually highest after it has accumulated a certain portion of its 
maximum load of dirt because some dust collected in the cell acts as an 
efficient medium for the further seizing of solids from the air. By periodi- 
cally cleaning a predetermined number of cells, the resistance and capacity 
of a built-up filter may be held at any desired figure. The frequency of 
cleaning any unit filter installation depends upon the dust concentration 


Fig. 



QuanlH^ of Dust^ oz. 

2. Chart Showing Change in Resistance Due to Dust Accumulation 



Fig. 3. Resistance to Air-Flow of a Typical Unit Air Filter 

of air being cleaned, and on the amount of dirt which can be accumulated 
in the filter medium without causing excessive resistance. 

Filters consisting of inexpensive frames of cardboard or similar material 
filled with viscous-coated glass wool or steel wool are available. Because 
of their construction these units may be discarded when dirty and replaced 
with new units at relatively little expense. They are used in general 
ventilation work and with warm air furnaces and other installations where 
first cost and low resistance to air flow are essential. The operating 
characteristics of these units conform in general with those of the rigid 
frame type. 

Viscous Automatic Filters 

The principle of air deaning used in the viscous automatic filters is 
the same as in the unit filters. The removal of the accumulated dust, 
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however, is done automatically instead of by hand. The automatic clean- 
ing and recoating of these filters is based on the principle that the viscous 
fluid itself will perform the cleaning function, thereby eliminating a sepa- 
rate washing agent. The dust collected by the filter thus is deposited 
finally in the bottom of the viscous fluid reservoir from which it may be 
removed by different methods, depending on the design of the filter. 

There are three general types of automatic filters. They are differentiated 
from each other according to the process of self-cleaning and renewing 
of the viscous coating used by each type, as follows: 

1. The filter medium has the form of an endless curtain suspended vertically, with its 
lower portion submerged in a viscous fluid reservoir. The curtain rotates slowly through 
this bath, thus performing the cleaning and recoating of the filter medium. 

2. The filter screen is arranged in the form of shelves or cylinders, and the viscous 
fluid is flushed through all parts of the medium in a direction opposite to the air flow. 

3. The filter medium is arranged vertically and is stationary. The viscous fluid is 
flushed from above over the medium, while the air flow is stopped. 



Fig. 4. Maintenance Chart for Unit Type Viscous Filters 

The washing and renewing process in automatic filters usually is inter- 
mittent. It is accomplished by an electric motor or by other motive 
power and is controlled by manual or by automatic timing devices.^ The 
operating cycle is of a predetermined frequency and should be so timed 
as to insure a constant static pressure drop across the filter. The customary 
resistance to air flow is ^-in. water gage at an air velocity of 500 fpm, 
measured at the filter entrance. Automatic viscous filters are made up in 
units which are delivered either fully assembled or in parts to be assem- 
bled at the point of installation. 

DRY AIR FILTERS 

Dry air filters, in which dust is impinged upon or filtered through 
screens made of felt, cloth, or cellulose, are available in various types. 
These filters require no adhesive liquid, but depend on the straining or 
screening action of the filtering medium. Because of the close texture 
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of the filtering media used in most of the dry filters, the surface velocity*, 
or velocity of the air entering the media, ranges between 10 and 50 fpm, 
depending on the nature and texture of the fabric. This necessitates a 
relatively large screen surface, and the filter media are usually arranged 
in the form of pockets to bring the frontal area within customary space 
requirements. 

As in viscous unit filters, an average constant resistance and air volume 
may be obtained by periodic reconditioning or renewal of the filter 
screens. Since some materials suitable for dry filtering media are affected 
considerably by moisture which tends to cause a rapid increase in resis- 
tance, they should be treated or processed to minimize the effect of 
changes in humidity. 

Filters using felt and similar materials as filter media depend upon 
vacuum cleaning for reconditioning. A special nozzle, operated from a 
portable or stationary vacuum cleaner, is shaped to reach all parts of the 
filter pockets. Permanent filter media should be capable of withstanding 
repeated vacuum cleanings without loss in dust removal efficiency. 
While most dry filters are cleaned by replacing an inexpensive filter sheet, 
the useful life of these sheets often may be lengthened by vibrating or 
vacuum cleaning. 


INSTALLATION METHODS 

The published performance data for all air filters are based on straight 
through unrestricted air flow. Filters should be installed so that the face 
area is at right angles to the air flow whenever possible. Eddy currents 
and dead air spaces should be avoided and air should be distributed 
uniformly over the entire filter surface, using baffles or diffusers if neces- 
sary. 

The most important requirements of a satisfactory and efficiently 
operating air filter installation are: 

1. The filter must be of ample size for the amount of air it is expected to handle. An 
overload of 10 to 15 per cent is regarded as the maximum allowable. When air volume is 
subject to increase, a larger filter should be installed. 

2. The filter must be suited to the operating conditions, such as degree of air clean- 
liness required, amount of dust in the entering air, type of duty, allowable pressure drop, 
operating temperatures, and maintenance facilities. 

3. The filter type should be the most economical for the specific application. The 
first cost of the installation should be balanced against depreciation as well as expense 
and convenience of maintenance. 

The following recommendations apply to filters and washers installed 
with central fan systems: 

1. Duct connections to and from the filter should change size or shape gradually to 
insure even air distribution over the entire filter area. 

2. Sufficient space should be provided in front as well as behind the filter to make it 
accessible for inspection and service. A distance of two feet may be regarded as the 
minimum. 

3. Access doors of convenient size should be provided in the sheet metal conneertions 
leading to and from the filters. 

4. All doors on the clean air side should be lined with felt to prevent infiltration of 
unedean air. All connections and seams of the sheet metal ducts on the clean air side 
should be as air-tight as possible. 
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6. Electric lights should be installed in the chamber in front of and behind the air filter. 

6. Air washers should, whenever possible, be installed between the tempering and 
heating coils to protect them from extreme cold in winter time. 

7. Filters installed close to air inlet should be protected from the^ weather by suit- 
able louvers, in front of which a large mesh wire screen should be provided. 

8. Filters should have permanent indicators to give a warning when the filter re- 
sistance reaches too high a value. 
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PROBLEMS IN PRACTICE 

1 • What is meant by air filter performance characteristics? 

The factors that determine the performance of an air filter, which are: 

(1) efficiency in dust removal, (2) operating resistance, (3) dust holding capacity. _ In a 
properly designed filter these factors are balanced to obtain the desired characteristics 
for a given application. Since the requirements vary for different kinds of air cleaning 
service, it is necessary to have filters of different types to meet the various conditions. 

2 • What are the advantages of viscous filters? 

The principal advantage of the viscous filter is its large dust holding capacity. The dust 
accumulation is distributed through the depth of the filtering medium rather than upon 
the surface as in the dry types, which makes it possible for viscous filters to handle 
heavy dust concentrations without excessive resistance. Since its efficiency and resis- 
tance are based on maximum air velocities of from 300 to 500 ft per minute through the 
filter, the viscous filter consumes the minimum amount of space for a given air volume. 

3 • What are the advantages of dry filters? 

Dry filters are more efficient in the removal of fine dust particles from the air, and some 
types will eliminate even as much as 60 per cent of the smoke particles. Dry filters also 
are easily and conveniently maintained by vacuum cleaning, vibrating, or renewing the 
filtering medium. _ i 

4 # If an air washer is used for cooling and humidity control in an air con- 
ditioning system, is a filter needed? 

An air filter is desirable in conjunction with an air washer becau^ of the large amount of 
soot in the air which, due to its greasy and amorphous nature, is not readily trapped in 
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an air washer. Filters should be placed between the washer and the air intake so that 
all the dirt^ will be collected at one point to simplify maintenance, to protect all the 
equipment in the system, and to prevent contamination of the water used in the washer. 

5 # Is an air filter needed with an extended surface type heat exchanger? 

An air filter is essential with an extended surface heat exchanger in order to maintain its 
efficiency, for without this protection dust particles will adhere to the exposed surfaces, 
and gradually build up a deposit to the point where the efficiency will be impaired and the 
resistance increased by restricting the air passage. 

6 • What is the proper location of a filter in relation to the fan? 

A filter will operate equally well whether placed on the suction or discharge side of the 
fan. It has become standard practice, however, to locate the filter on the fan inlet side 
because there it has: fl) simpler duct connections, (2) reduced static pressure losses, 
(3) more even air distribution over the entire filter area. Where an exceptionally high 
efficiency in dust removal must be maintained, it is often advisable to place the filter on 
the discharge side of the fan so there can be no infiltration of unclean air. 

7 • What instruments and apparatus are required for determining the pollen 
concentration in air by means of the settling method? 

A microscope with a field of know area and a glass slide coated with a viscous material. 

8 • Describe the procedure for determining the pollen concentration in air by 
means of the settling method. 

A glass slide coated with a viscous material is placed for a period of 24 hours in a hori- 
zontal position in the atmosphere to be tested. The slide is then removed and placed 
under the microscope, and pollen counts are made of approximately 25 fields over the 
area of the glass slide. Having determined the count over a definite area, as for example, 
1 sq cm, and finding the settling rate of the average particles from the chart, Fig. 1, the 
concentration in parts per cubic yard can be calculated. 


9 • The resistance to air flow of a unit air filter is found to be 0.4 in. of water. 
The volume of air passing through the filter is 1000 cfm at a velocity of 200 fpm. 
What would be the filter area required in order to reduce the pressure drop 
across the filter from 0.4 in. of water to 0.16 in. of water? 


Referring to Fig. 3: The resistance is substantially proportional to the square of the 
velocity, or 

Rs F2^ 

0.4 ^ 2002 
0.16 72^ 


= 16,000 
Vz — 126.5 fpm 


Q = AV 
1000 = 126.5 A 


A = 


1000 


126. 


I = 7.91 sq 


ft 


The filter area would be increased from 5 sq ft to 7.91 sq ft. 


10 • A ventilating system complete with filters has a fan which, when operating 
at 400 rpm and delivering air at 1 in- of water total static pressure, requires an 
input of 8 horsepower. After the system operates for a time, the pressure drop 
across the filter caused by the clogging action of the collected dust and dirt 
increases firom 0.1 in. of water to 0.4 in. of water. To maintain the original 
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rate of air delivery with the increased static pressure, at what speed must the 
fan be run and what horsepower will be required? 

Static pressure after clogging of filter = 1 -h (0.4 — O.lj = 1.3 in. of water. 

The static pressure varies as the square of the fan speed. Therefore, if X is the fan speed 
after the static pressure increases: 


1 V 400 / 

X = 456 rpm. 

The horsepower varies as the cube of the fan speed. Therefore, if Y is the horsepower 
after the static pressure increases: 


_Y_ ^ ( 456 \3 
3 V 400 / 

Y = 4.44 horsepower. 

To maintain the original rate of air delivery with the increased static pressure, the fan 
speed must be increased from 400 to 456 rpm, and the horsepower from 3 to 4.44. 
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FANS AND MOTIVE POWER 


Performance^ Fan Efficiency, Characteristic Curves, Selection of 
Fans, Controls, Designation of Fans, Motive Povcer, Electric Power 


F ans are used for producing air flow except where positive displace- 
ment is required, in which case compressors or rotary blowers are 
used. Fans are classified according to the direction of air flow as (1) 
axial flow or propeller type if the flow is parallel with the axis, and (2) 
radial flow or centrifugal type if the flow is parallel with the radius of 
rotation. 

Axial flow fans are made with various numbers of blades of a variety 
of forms. The blades may be of uniform thickness (sheet metal), either 
flat or cambered, or may be of varying thickness of so-called aerofoil 
section (airplane propeller type). Where an axial flow fan is intended for 
operation at comparatively high pressures the hub sometimes is enlarged 
in the form of a disc and the fan is known as a disc fan. 

Radial flow or centrifugal fans include steel plate fans, pressure blowers, 
cone fans, and the so-called multiblade fans. All the foregoing types have 
variations which may be obtained by modification of the proportions or 
change in the curvature and angularity of the blades. The angularity of 
the blades determines the operating characteristics of a fan: a forward 
curved blade is found in a fan having slow speed operating characteristics, 
while a backward curved blade is found in a fan having high speed 
operating characteristics. 

A wide variation exists in the demands which have to be met by fan 
installations. A fan may be required to move large quantities of air 
against little or no resistance or it may be required to move small quanti- 
ties against high resistances. Between these two extremes innumerable 
specific requirements must be met. In general, fans of all types in each 
general class can be made to perform the same duty, although mechanical 
difificulties, noise or lack of eflficiency may limit the use to one or another 
type. The most common field of service for fans of the propeller type is in 
moving air against moderate resistances, especially where no long ducts 
or heavy friction must be overcome and where noise is not objectionable, 
whereas centrifugal fans are commonly employed for operation at the 
comparatively higher pressures and where extreme quietness is necessary. 

PERFORMANCE OF FANS 

Fans of all types follow certain laws of performance which are useful in 
determining the effect of changes in the conditions of operation. These 
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laws apply to installations comprising any type of fan, any given piping 
system and constant air density, and are as follows ; 

1. The air capacity varies directly as the fan speed. 

2. The pressure (static, velocity, and total) varies as the square of the fan speed. 

3. The power demand varies as the cube of the fan speed. 

Example 1. A certain fan delivers 12,000 cfm at a static pressure of 1 in. of water 
when operating at a speed of 400 rpm and requires an input of 4 hp. If in the same 
installation 15,000 cfm are desired, what will be the speed, static pressure, and power? 

Speed = 400 X = 500 rpm 

/500\2 

Static pressure = 1 X ( ~ 

Power = 4 X = 7.81 hp 


When the density of the air varies the following laws apply : 

4. At constant speed and capacity the pressure and power vary directly as the 
density. 

Example 2. A certain fan delivers 12,000 cfm at 70 F and normal barometric pressure 
(density 0.07495 lb per cubic foot) at a static pressure of 1 in. of water when operating at 
400 rpm, and requires 4 hp. If the air temperature is increased to 200 F (density 0.06018 
lb) and the speed of the fan remains the same, what will be the static pressure and 
power? 

Static pressure = 1 X ~ 0.80 in. 


Power = 4 X 


0.06018 

0.07495 


0.07495 
- 3.20 hp 


5. At constant pressure the speed, capacity and power vary inversely as the square 
root of the density. 

Example 3. If the speed of the fan of Example 2 is increased so as to produce a static 
pressure of 1 in. of water at the 200 F temperature, what will be the speed, capacity, 
and power? 


Speed = 400 X 


^ 0.1 


07495 

06018 


= 446 rpm 


Capacity — 12,000 X 




1.07495 


06018 


= 13,392 cfm (measured at 200 F) 


Power = 4 X 




L07495 


= 4.46 hp 


).06018 

6. For a constant weight of air: 

(a) The speed, capadty, and pressure vary inversely as the density. 

(b) The horsepower varies inversely as the square of the density. 

Example 4 . If the speed of the fan of the previous examples is increased so as to 
deliver the same weight of air at 200 F as at 70 F, what will be the speed, capacity, 
static pressure, and power? 

o j Af\r\ vy 0.07495 yfno 

Speed = 400 X ^ 


Capacity = 12,000 X 


0.06018 

0.07495 


0.06018 


= 14,945 cfm (measured at 200 F) 
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Static pressure = 1 


0.07£97i> 

0.06018 


1.25 in. 


Power = 4 X 


/ 0.07495 y 
V0.0601S/ 


6.20 hp 


FAN EFFICIENCY 

The efficiency of a fan may be defined as the ratio of the power required 
in moving the air to the power input to the fan. The work done in 
moving the air may be computed on the basis of either the static or the 
total pressure. When the static pressure is used in the computation it is 
assumed that this represents the useful pressure and that the velocity 
pressure is lost in the piping system and in the air which leaves the system. 
Since in most installations a higher velocity exists at the fan outlet than 
at the point of delivery into the atmosphere, some of the velocity pressure 
at the fan outlet may be utilized by conversion to static pressure within 
the system, but owing to the uncertainty of friction losses which occur at 
the places where changes in velocity take place, the amount of velocity 
pressure which is actually utilized is seldom known, and the static pressure 
alone may best represent the useful pressure. 

The efficiency based upon static pressure is known as the static efficiency 
and may be expressed as follows: 

e. .. ^ . 1 _ cfm X static pressure in inches of water 

erratic emciency - ^ expressed in units of 746 watts 

Different fans may develop the same capacity against the same static 
pressure and with the same power input, and therefore operate at the 
same static efficiency, while maintaining different outlet velocities. Where 
a high outlet velocity is desirable or can be utilized effectively, the static 
efficiency fails to be a satisfactory measurement of the performance. In 
many applications of propeller fans, air is circulated without encountering 
resistance and no static pressure is developed. The static efficiency is 
zero and its calculation is meaningless. Because of such situations where 
the static efficiency fails to indicate the true performance, many engineers 
prefer to base the calculation of efficiency upon the total or dynamic 
pressure. This efficiency is variously known as the total, dynamic, or 
mechanical efficiency, and may be expressed as follows: 

^ ^ ^ . cfm X total pressure in inches of water 

Total efficiency = ^ T~' zr (2) 

6369 X power input expressed in units of 746 watts 

CHARACTERISTIC CURVES 

In the operation of a fan at a fixed speed the static and total efficiencies 
vary with any change in the resistance which is imposed. With different 
designs the peak of effidency occurs when the fans deliver different per- 
centages of their wide-open capadty. Variations in efficiency accompany 
variations in pressures and power consumption which are characteristic of 
the individual designs and which are influenced particularly by the shape 


*See Standard Test Code for Disc and Propeller Fans, Centrifugal Fans and Blowers, Edition of 
1 ^ 32 . 
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and angularity of the blades. Such variations in pressure, power, and 
efficiency are shown by characteristic curves. 

Characteristic curves of fans are determined by tests performed in 
accordance with the Standard Test Code for Disc and Propeller Fans, 
Centrifugal Fans and Blowers^ as adopted by the American Society of 
Heating and Ventilating Engineers and the National Association of 
Fan Manufacturers, The results of tests are plotted in different ways : the 
abscissae may be the ratio of delivery, assuming full open discharge as 
100 per cent, and the ordinates may be static pressure, dynamic pressure, 
horsepower and efficiency. Pressures may be expressed in per cent of the 
maximum pressure in the manner shown in the illustrations in this 



Fig. 1. Operating Characteristics of an Axial Flow Fan 


chapter, but in engineering calculations they are sometimes expressed in 
proportion to the pressures due to the peripheral velocity. 

It should be noted that characteristic curves of fan performance are 
plotted for a constant speed. Some variation in values of efficiency may 
occur at different speeds but such variation is usually slight within a wide 
range of speeds. Fans of similar design but of different size will also show 
some difference in efficiency. The proportions of the housing also affect 
the performance. As a rule a narrow fan of large diameter shows a higher 
efficiency than one of greater width and smaller diameter. For a number 
of designs using blades of certain shapes the proportion of the width to the 
diameter is so definitely established by the service for which the fan is 
intended that little variation in efficiency occurs, but in other designs, 
particularly that which uses straight radial blades, the efficiency may 
vary over a wide range depending on whether the dimensions are suitable 
for a fan intended for ordinary ventilating purposes or for a pressure 
blower. Figs. 1 to 4 show characteristic curves for different types of fans 


‘A.S.H.V.E. Transactions, Vol. 29, 1923. Amended June, 1931. 
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using blades of various shapes, but without reference to the design of 
housing employed. The efficiency curves are therefore not serviceable 
for making rigid comparisons of efficiencies obtainable with blades of the 
various shapes but are intended merely to show reasonable values and 
more particularly to show the manner in which variations occur with 
changes in fan capacity. 

Axial flow fan characteristics are indicated by Figs. 1 and 2. These 
fans, when properly designed, have a satisfactory efficiency at low 
resistance, comparing favorably in this respect with centrifugal fans. 
They are low in cost and economical in operation and occupy relatively 
little space. Although this type of fan can operate against considerable 



resistance, the noise ^ often becomes objectionable, so that it does not 
always compare favorably with centrifugal fans for such service. With 
most of the designs which employ blades of uniform thickness the power 
increases rapidly with an increase in resistance. 

The curves (Fig. 1) show the rapid reduction in capacity and increase in 
power as the resistance increases. The low efficiency when overcoming 
heavy resistance is due to the low speed of the blades near the hub as 
compared to the relatively high peripheral or tip speed. The air driven by 
the blade area near the rim can pass back through the less effective blade 
area at the hub more easily than it can overcome the duct resistance. 

Fig. 2 shows the performance of the airplane propeller fan in which the 
blades are similar in shape to those of an airplane propeller but of varying 
number according to the pressure to be developed. This fan usually 
operates at a higher speed than does the former type of propeller fan, and 
with a different power characteristic, the power remaining fairly constant 
throughout the range of pressures, being somewhat less at the higher than 
at the lower pressures. The flatness of the pressure curve indicates the 
advantage of this type of fan in preventing overloading of motors where 
fluctuations in pressure occur. Variations in the diameter, width, pitch, 
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camber, and the thickness of the blades provide a considerable degree of 
flexibility in design, so that the peak of total efficiency may be made to 
occur at wide-open volume or at various percentages of that volume. 

Another advantage of this type of axial flow fan is its low resistance to 
air passage when standing still. There are some installations in which 
such a characteristic is desirable. 

The straight blade {paddle-wheel) or partially backward curved blade 
type of fan is practically obsolete for ventilation. Its use is largely con- 
fined to such applications as conveyors for material, or for gases con- 
taining foreign material, fumes and vapors. The open construction and 
the few large flat blades of these wheels render them resistant to corrosion 
and tend to prevent material from collecting on the blades. This type of 
fan has a good efficiency, but the power steadily increases as the static 



Per Cent of Wde Open Volume 


Fig. 3. Operating Characteristics of a Fan with Blades Curved Forward 

pressure falls off, which requires that the motor be selected with a moder- 
ate reserve in power to take care of possible error in calculation of duct 
resistance. 

The forward curved multiblade fan is the type most commonly used in 
heating and ventilating work, as it has a low peripheral speed, a large 
capacity, and is quiet in operation. The point of maximum efficiency for 
this fan occurs near the point of maximum static pressure. The static 
pressure drops consistently from the point of maximum efficiency to full 
open operation. Fig. 3 shows that this type of fan will have both a high 
and a low delivery for a given static pressure at constant speed. The 
power curve rises continually from low to peak capacity, but if reasonable 
care is exercised in figuring resistance there is no danger of overloading 
the motor. 

The outstanding characteristics of the full backward curve muUihlade 
type fan are the steep pressure curves, the non-overloading power curve, 
and the high speed, (See Fig. 4.) This fan operates at a peripheral speed 
of approximately 250 per cent of the forward curve multiblade type for 
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like results. The pressure curves begin to drop at very low capacity and 
continue to fall rapidly to full outlet opening. The steep pressure curves 
tend to produce constant capacity under changing pressures. Where 
wide fluctuations in demand occur, this type of fan is desirable to prevent 
overloading of motors. The maximum power requirement occurs at 
about the maximum efficiency. Consequently a motor selected to carry 
the load at this point will be of sufficient capacity to drive the fan over its 
full range of capacities at a given speed. The high speed of this type 
makes it adaptable for direct connected electric motor drives. The high 
speed may necessitate somewhat heavier construction and more operating 
attention or service. The dimensional bulk for a given duty often is 
150 per cent of that of a forward curve multiblade type fan. 

Between the extremes of the forward and the full backward curve blade 
type centrifugal fans a number of modified designs exist, differing in the 



angularity or in the shape of the blades. Common among these designs 
are the straight radial blade type, the radial tip type, and the double 
curve blade type with a forward angle at the heel and a slight backward 
angle at the tip of the blade. Characteristic curves of these types show 
varying degrees of resemblance to the curves of Figs. 3 and 4, according 
to the degree of similarity to one or the other of the two designs of fan 
considered. 

SELECTION OF FANS 

The following information is required to select the proper type of fan : 

1. Cubic feet of air per minute to be moved. 

2. Static pressure required to move the air through the system. 

3. Type of motive power available. 

4. Whether fans are to operate singly or in parallel on any one duct. 

5. What d^jee of noise is permissible. 

6. Nature of the load, such as variable air qu^tities or pressures. 
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Knowing the requirements of the system, the main points to be con- 
sidered for fan selection are (1) efficiency, (2) speed, (3) noise, (4) size and 
w’-eight, and (5) cost. 

In order to facilitate the choice of apparatus, the various fan manu- 
facturers supply fan tables or curves which usually show the following 
factors for each size of fan operating against a wide range of static 
pressures : 

1. Volume of air in cubic feet per minute (68 F, 50 per cent relative humidity, 
0.07488 lb per cubic foot). 

2. Outlet velocity. 

3. Revolutions per minute. 

4. Brake power. 

5. Tip or peripheral speed. 

6. Static pressure. 

The most efficient operating point of the fan is usually shown by either 
bold-face or italicized figures in the capacity tables. 

Fans for Ventilation and for Cooling Systems 

Two important factors in selecting fans for ventilating systems are 
efficiency (which affects the cost of operation) and noise. First cost and 
space available are secondary. The fans should be selected to operate 
at maximum efficiency without noise. Because noise in a ventilating 
system is irritating and a cause for complaint, fans must be selected of 
proper size in order to reduce it to a minimum. Noise may be caused by^ 
other factors than the fan, namely, high velocity in the duct work, 
unsatisfactory location of the fan room, improper construction of floors 
and walls, and poor installation. Where noise is chargeable directly to 
the fan, it is caused either by excessive peripheral speeds, or the fan is of 
insufficient size. It should be remembered, however, that the tip speed 
required for a specified capacity and pressure varies with the type of 
blade, and that a tip speed which may be excessive for the forward 
curved type is not necessarily so for the backward or slightly backward 
type. A noisy fan usually is one which is operated at a point considerably 
beyond maximum efficiency. 

For a given static pressure there is a corresponding outlet velocity and 
peripheral speed wherein maximum efficiency is obtained. If a fan is 
selected to operate at this point, the cost of operation and the noise can 
be held within control. 

To aid in selecting fans as near as possible to the point of maximum 
efficiency, there are listed in Tables 1 and 2 for each static pressure cor- 
responding outlet velocities and tip speeds which will give satisfactory 
results. The proper tip speed for a given static pressure varies with the 
design of wheel and with the number of blades or vanes in the wheel. 

Lower outlet velocities than those listed in Table 1 may be employed, 
but care must be exercised when fans of the forward curved type are used 
to avoid selecting a fan for operation below its useful range. The useful 
range of the fans of Table 2 extends over the full length of the per- 
formance curve. 

In exhaust ventilating systems where the air column moves toward the 
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fan, noise due to the higher tip speeds and outlet velocities will not be 
so readily transmitted back through the air column to the building as 
when the air column is moving toward the rooms. Therefore higher 
outlet velocities may be used, but this will be at the expense of increased 
horsepower. 

Amply large fans should always be used for both exhaust and supply 
systems, as there may be and usually is leakage despite the most careful 
workmanship, necessitating the delivery of more air at the fans than is 
exhausted from or supplied through the openings in the various rooms. 

Long runs of distributing ducts, heaters, and air washers require 
definite increments of the total pressure which a supply fan in a venti- 
lating system must overcome. These static pressures should be con- 
sidered when selecting the fan characteristics, speed, and power. 


Table 1. Good Operating Velocities and Tip Speeds for Forward Curved 
Multiblade Ventilating Fans 


Static PaBsstiaE 

Inches of Water 

Outlet Velocitt 

Feet pee Minute 

Tip Speed 

Feet pee Minute 

M 

lOOO-llOO 

1520-1700 

Vs 

1000-1100 

1760-1900 


1000-1200 

1970-2150 

ys 

1100-1300 

2225-2450 

H 

1200-1400 

2480-2700 


1300-1600 

2660-2910 

1 

1500-1800 

2820-3120 

IM 

1600-1900 

3162-3450 

m 

1800-2100 

3480-3810 

1% 

1900-2200 

3760-4205 

2 

2000-2400 

4000-4500 

2M 

2200-2600 

4250-4740 

2H 

2300-2600 

4475-4970 

3 

2500-2800 

4900-5365 


Fans picked within the limits of Table 1 will operate close to the point 
of maximum efficiency. No attempt has been made to select these limits 
for quiet operation, since this is a relative term and varies with the type 
and location of the installation. 

The connection of a fan to a metallic duct system should be made by 
canvas or a similar flexible material so as to prevent the transmission of 
fan vibration or noises. Where noise prevention is a factor the fan and its 
driver should have floating foundations. 

Fans for Drying 

Both axial flow and centrifugal types of fans are used for drying work. 
Propeller fans are well adapted to the removal of moisture-laden air when 
operating against low resistance and when handling air at low tempera- 
tures. Motors on these fans usually are of the fully-enclosed moisture- 
proof types so that saturated air or air containing foreign material will 
not injure the motors. 

Unit heaters employing axial flow fans are widely used in the drying 
field. In drying, these fans may be used with unit heaters where not 
too much duct work is required and where air is to be delivered against 
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pressure, since the noise developed from the high peripheral speed of these 
fans is not ordinarily objectionable in process work. 

Centrifugal fans of the multiblade type generally are selected to supply 
air for drying, as they are capable of delivering large volumes of air 
against all pressures likely to be encountered. 

Belt driver! fans usually are to be preferred to direct-connected fans 
since efficient motor speeds do not usually coincide with efficient fan 
speeds. Replacement of a standard motor is quick and easy if it is belted. 

Wherever drying is done throughout the year and where air require- 
ments change as the drying conditions change, the drying can be speeded 
up or reduced through control of the fan capacity. This may be done by 
changing the fan speed or by varying the outlet area with dampers. A 
throttled outlet reduces the volume and reduces the power. 

Due to the low speeds of forward curved multiblade or paddle-wheel 
type fans, these can be direct-connected to reciprocating steam engines, 


Table 2. Good Operating Velocities and Tip Speeds for Multiblade Ventilating 
Fans with Backward Tipped and Double Curved Blades 


Static Pressure 

Inches of Water 

Outlet Velocity 

Feet per Minute 

Tip Speed 

Feet per Minute 

yi 

800-1100 

2600-3100 

h 

800-1150 

3000-3500 

yi 

900-1300 

3400-4000 

■ 

1000-1500 

3800-4500 


1100-1650 

4200-5000 


1200-1750 

4500-5300 

1 

1200-1900 

4800-5750 

IH 1 

1300-2100 

5300-6350 

m \ 

1 1400-2300 

5750-6950 

m 

1500-2500 

6200-7550 

2 1 

; 1600-2700 

6650-8050 


1700-2800 

7050-8550 

2K 

1800-2950 

7450-9000 

3 

2000-3200 

8200-9850 


ctnd the exhaust steam from the engines may be used in the heating 
apparatus. In selecting engine driven fans for drying processes, where a 
large quantity of exhaust steam is used in the heaters, a smaller fan and 
greater power consumption may be used, because power economy is not 
essential under this condition. 

Where static pressure in a dryer varies, and where several fans must 
operate in parallel, fans are to be preferred which have a continuously 
rising pressure characteristic, such as is given by backward-curved or 
double-curved blades. This type of fan is well adapted for direct-con- 
nected motors of the higher speeds. 

Fans far Dust Collecting and Conveying 

The application of fans for handling refuse, dust, and fumes generated 
by machine equipment is covered in Chapter 21. Information is given 
regarding the methods for determining air quantities, the velocity required 
for carrying various materials and the method of determining maintained 
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resistance or total static pressure at which the fan is to operate. The 
selection of a proper size fan is at times governed by the future require- 
ments of the plant. In many instances, additional future capacity is 
anticipated and should be provided for. 

Having determined the necessary volume of air and the maintained 
resistance or static pressure required, the proper size fan may be selected 
from the fan manufacturers’ performance charts or capacity tables. The 
fan chosen should be the size that will provide the required ultimate 
quantities with the minimum power consumption. 

FAN CONTROL 

Some method of volume control of fans usually is desirable. This may 
be done by varying the peripheral velocity or by interposing resistance, as 
by throttling-dampers. Both methods, since they reduce the volume of 
air, reduce the power required. In many installations adjustments of 
volume are desirable during varying hours of the day. In others an 
increased supply of air in summer over that needed for winter is demanded. 
Experience is required in deciding whether speed-control or damper- 
control shall be used for specific cases. Where noise is a factor, it may be 
exceedingly desirable to reduce the speed at times, while on the other 
hand, any fan which has its normal speed reduced as much as 50 per cent 
without change in resistance will move only 50 per cent of the air. 

DESIGNATION OF FANS 

Facing the driving side of the fan, blower, or blast wheel, if the proper direction of 
rotation is clockwi^, the fan, blower, or blast v^^l will be designated as clockwise. 
If the proper direction of rotation is counter-clockwise, the designation will be counter- 
clockwise. (The driving side of a single inlet fan is considered to be the side opposite 
the inlet regardless of the actual location of the drive.)® 

This method of designation will apply to all centrifugal fans, single or double width, 
and single or double inlet. Do not use the word “hand,” but specify “clockwise” or 
* * counter-clockwise.” 

The discharge of a fan will be determined by the direction of the line of air discharge 
and its relation to the fan shaft, as follows: 

Bottom horizontal: If the line of air discharge is horizontal and below the shaft. 

Top horizontal: If the line of air discharge is horizontal and above the shaft. 

Up blast: If the line of air discharge is vertically up. 

Down blast: If the line of air discharge is vertically down. 

All intermediate discharges will be indicated as angular discharge as follows: 

Either top or bottom angular up discharge or top or bottom angular down discharge, 
the smallest angle made by the line of air discharge with the horizontal being specified. 

In order to prevent misunderstandings, which cause delays and losses, 
the arrangements of fan drives adopt^ by the National Association of 
Fan Manufacturers and indicated in Fig. 5 are suggested. 

If double width, double inlet fans are selected, care must be taken that 
both inlets have the same free area. If one inlet of di forward -curved Made 
type of fan is obstructed more than the o|her, the fan-^II not operate 
properly, as one half of th e wheel w ill deliv^* more air than the other half. 


^Recammeiidations adopted by the National Associaiion cf Fan Manufoaurers. 
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The back^ujard curved and double curved types with backward tip operate 
satisfactorily in double or in parallel operation. 

MOTIVE POWER 

It is no easy matter to predetermine the exact resistance to be encoun- 
tered by a fan or, having determined this resistance, to insure that no 
changes in construction or operation shall ensue which may increase air 
resistance, thus requiring more fan speed and power to deliver the required 
volume, or which may reduce air resistance, thus causing delivery of more 
air and a consequent increase of power even at constant speed. 

It is recommended, therefore, for centrifugal type fans that the rated 
power to be supplied shall exceed the rated fan power by a liberal margin , 
when forward curved types are used. When backward or double curved 
blade types are used, motors with ratings very close to that of the fan 
horsepower demand can be employed. 

Justification for liberal power provision exists also in the possibility 
of varying demand due to changes in ventilation requirements, intensity 
of occupation, and weather conditions. 

The motive power of fans should be determined in accordance with the 
Standard Test Code for Disc and Propeller Fans, Centrifugal Fans and 
Blowers, as adopted by the American Society of Heating and Venti- 
L.A.TING Engineers and the Nationpl Association of Fan Manufacttirers. 

Fans may be driven by electric motors, steam engines (either horizontal 
or vertical), gasoline or oil engines, and turbines, but as previously stated 
the drive commonly used is the electric motor. 

ELECTRIC POWER 

Each type of electric motor and kind of electric current has its advan- 
tages and disadvantages as applied to a fan. For motor specifications and 
standards, the Motor and Generator Standards of the National Electrical 
Manufacturers Association should be consulted. 

Direct-connected electric motors usually are very efficient for fan 
driving because there is no slippage due to belts, and no wear or noise due 
to chains or gears. There is less maintenance and upkeep to a direct- 
connected unit, and with an overhung fan wheel on the motor shaft, the 
usual fan bearings are eliminated. 

The disadvantage of a slow-speed direct-connected motor is that it 
may be unduly large and heavy as well as costly, but this may be offset 
by the compactness of the unit as a whole due to limited space for fan 
equipment. 

Should anything go wrong with a slow-speed direct-connected motor 
there may be a considerable delay in securing replacements, as these 
motors are not usually carried in stock, as is the case with moderately 
high-speed motors. 

If a change of speed is found necessary with a direct-connected motor, 
it will mean a change of motor, which may necessitate a change in the 
motor foundation usually built with the fan in such cases. On the other 
hand, non-direct-connected motors have transmissions subject to wear 
and slippage, and chains or gears may be noisy with this latter type. 
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Table 3, Classification of Motors 


Gboup 

SUB- 

crv’. 

Type 

Cttr- 

RENT 

Speed 

Char- 

acteristics 

Starting 

Torque 

STABTINa 

Current 

Applications 

A 

1 

Shunt wound 

d-c 

Constant 

Medium 

High 

Fans 


2 

Squirrel-cage 

a-c 

Constant 

Medium 

High — about 
six times full 
load 

Fans, centrifu- 
gal pumps 


3 

Synchronous 

a-c 

Constant 

Medium 

Starts as squir- 
rel cage motor 

Motor genera- 
tor sets, air 
compressors, 
fans 


4 

Slip ring or 
wound rotor 

a-c 

Constant 

Heavy 

Low 

Vacuum pumps, 
air compres- 
sors 


5 

Double squir- 
rel-cage 

a-c 

Constant 

Heavy 

Medium 

Frequent and 
heavy starting 
loads, pumps, 
compressors 


6 

Low-torque 

capacitor 

a-c 

Constant 

Light 

Low 

Direct-con- 
nected fans 


7 

High-torque 

capacitor 

a-c 

Constant 

Medium 

Low 

Belt drive of 
fans 


8 

High -torque 
capacitor 

a-c 

Constant 

High 

Medium 

For heavy 
starting load 
such as larger 
fans, pumps, 
compressors 


9 

Repulsion- 

a-c 

Constant 

High 

Medium 

Fans, pumps, 



induction 





compressors 

B 

1 

Brush shifting 

a-c 

Adjustable 

Medium 

Low 

Stokers, boiler 
fans 


2 

Cumulative 
compM with 
shunt 

predominance 

d-c 

Adjustable 

Heavy 

High 

Pumps 


3 

Squirrel -cage, 
poles can be 
regrouped 

a-c 

Multi- 

speed 

Medium 

High 

Fans, ice ma- 
chines 

C 

1 

Series 

d-c 

Variable 

Heavy 

Low 

Fans 


2 

Cumulative 
comp’d with 
series 

predominance 

d-c 

Variable 

Heavy 

Low 

Single-acting 

reciprocating 

pumps 


3 

Slip ring — 
using external 
resistance in 
* secondary 

a-c 

Variable 

Heavy 

! 

Low 

Fans 
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However, should a change in speed be necessary where the motor is not 
direct-connected, changes in speed ratio can easily be accomplished by 
changing pulleys, sprockets or gears on either the fan or the motor. In 
the case of a motor breakdown a standard stock motor may easily be 
substituted. 

A type of drive using a wedge-shaped rope-like belt, singly or in multi- 
ple, and capable of use on short pulley-centers is very popular, as it 
enables the use of high speed motors with slow speed fans. The com- 
pactness secured by this equipment compares favorably with that of a 
direct connected layout. This type of drive also is very quiet in operation, 
being similar to a conventional belt drive in this respect. Alternating 
current motor designs are such that improved operating characteristics 
are obtained with the higher motor speeds. Efficiencies and power 
factors are improved over those in effect with slower speed motors, thus 
showing a considerable saving in power consumption, and militating in 
favor of some effective speed-reducing transmission device such as is 
given by multiple wedge-shaped belts. 

Quietness of operation is more readily obtained with moderately high 
speed induction motors than with low speed motors, as any slight magnetic 
unbalance in the latter is not as easily heard. Amplifications of motor 
induction noises in parts of a building remote from the motor equipment 
sometimes are carried by the steel work, ducts, or piping in the building. 
There is considerable evidence that these sounds are more easily con- 
trolled with high motor speeds than with low ones. 

Motors which are practically quiet in operation and free from magnetic 
disturbing noises can be obtained, and should always be specified for 
quietness of operation when used for fan installations in buildings where 
quietness is a factor. 

In the construction of fan and motor foundations where the machinery 
is mounted on the floor or upon a concrete platform, it is a usual practice 
to install a layer of cork on top of which is laid or floated the base which 
carries the apparatus. It is essential that the bolts or lag screws which 
fasten the machines to this foundation shall not extend through to the 
floor. It is wise to fasten curbs to the floor, these presenting insulated 
surfaces to the machinery foundation and so preventing it from traveling. 
Rubber, especially in shear or in tension, is valuable as a sound absorber 
in foundations for machinery. Steel shoes for fans and motors with 
rubber inserts are available. Steel springs are also used effectively for 
this purpose. 

The general classification of motors used for heating, ventilation and 
air conditioning is shown in Table 3. 

Control for Electric Motors 

Very small direct current motors may be started by throwing them 
directly on the line through a suitable starting switch. The larger sizes 
require some type of starting rheostat. When speed adjustment is 
desired, the controller for adjusting the speeds of the motor usually 
functions also as a starting device. 

Alternating current motors of 5 hp and under usually may be thrown 
directly on the line. It is good practice to use a starting switch equipped 




American Society of Heating and Ventilating Engineers Guide, 1935 


with a thermal overload or inverse time limit overload device. This type 
of switch provides protection to the motor beyond that given by fuses. 
Fuses, when used, necessarily must be large enough to take care of the 
inrush current but this makes them inadequate for protecting the motor 
under operating conditions. The thermal overload device allows for this 
inrush and does not function until an overload has become persistent, the 
time element depending upon the percentage of overload beyond the 
rating of the element. This type of switch is available for manual opera- 
tion and also is furnished in the magnetic type for remote operation by 
push button, or for operation by other types of pilots, such as pressure 
switches and thermostats. 

On standard squirrel cage motors above 5 hp a starting compensator 
usually is employed to keep the inrush current within the limits specified 
by the local power companies. Compensators may be obtained in trans- 
former types and primary resistor types, and usually are furnished for 
manual operation. They can be secured for remote control also, but 
necessarily are expensive. However, the new type of high reactance, self- 
starting motors usually may be thrown across the line up to 30 hp in size, 
and still have their inrush current within the limits of the rules of the 
National Electric Light Association. With this type of motor a magnetic 
contactor usually is used. This device may be operated from a remote 
point by push button, if desired. These magnetic contactors are furnished 
usually with thermal overload and no- voltage protection. 

For remote operation of motors through magnetic starters, the operat- 
ing buttons may be located in the engineer’s or manager’s office, and 
tell-tale indicating lamps may be wired up with the circuit to indicate 
whether or not the unit is in operation. This type of control is very 
desirable in large buildings where the engineer is to .have complete charge 
of the ventilating system. 

Remote or automatic control of the units may be effected also by 
pneumatic or hydraulic apparatus, or by thermostats or by pressure 
devices which are provided with electric contacts for starting or stopping 
the units upon reaching certain conditions. 

Variable speed slip ring motors and direct current motors may also 
be arranged for remote speed control by means of pre-set automatic 
regulators, where the operating speed of the motor is set by a dial-switch 
(which may be near the fan or at a remote point) and the motor is then 
automatically controlled at any given speed merely by operating the 
remote control push button for starting or stopping the equipment. 

Arrangements may be made for remote control of fan motors, or for 
automatic control by influence of temperature. Remote control may be 
by pneumatic or by hydraulic manipulation as well as by electrical means. 

In many large ventilating systems which have heating plants in con- 
nection, steam engines are used to operate fans. A medium speed steam 
engine, exhausting at low pressure into the heating system is a very 
economical source of power, is quiet in operation, and has a wide range of 
speed variation. The steam economy of such an engine usually is of little 
importance, since the engine serves as an auxiliary to the pressure- 
reducing valve interposed in such cases between the boiler and the heaters. 

Internal combustion engines and line shafting often are used for fan 
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driving, requiring clutches or shift-belts with loose pulleys in order to 
secure proper starting and control. 

Ability to adjust the speed of ventilating fans is desirable as a measure 
of economy and adaptability to vaiydng loads, but where such adjust- 
ments are provided very definite speed and pressure indications should be 
supplied at the controller, since without them in most cases the operator 
would be compelled to guess at the output. 
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PROBLEMS IN PRACTICE 

1 # In a public building, what type of fan is suitable for: 

a. A supply fan? 

b. An exhaust fan? 

a. The centrifugal housed fan is well suited for this work. The various types are the 
forward curved blade, the radial blade, the full backward curved blade, and the medium 
speed double curved blade with backward tip. When direct connected motors are to be 
used, the backward tip fans, on account of their speeds, are better adapted. This type 
has the added advantage of having a limiting horsepower characteristic which will 
prevent an overload on the motor. Where the belt drive is used, all of the above types 
are suitable. 

b. For exhaust work all of the above types, as well as disc and propeller fans are suitable, 
although the latter are seldom used except where there is little or no duct work con- 
nected to the fan. 

2 • In selecting fans for quiet operation in public buildings : 

a. Should the outlet velocity of the fan he limited? 

b. Should the tip speed of th^ fan be limited? 

a. Because all commercial fans operating at pressures suitable for this class of work 
would be considered noisy if the fan were to discharge directly into the room, and 
because the duct system on the fan discharge is depended upon to absorb a reasonable 
amount of fan noise, it is desirable to have a moderate run of duct work with some bends 
and elbows included as sound deadeners. Where this duct is of necessity very short, the 
outlet velocity must be kept down to the lower limits recommended in this chapter or 
else an efficient sound absorber must be used. The experience of the engineer must be 
his guide in determining the allowable outlet velocity in each individual case. 

b. Tip speed should not ordinarily be limited, because different types of fan blades have 
entirely different allowable tip sp^ds for quiet operation. A fan having a backward 
blade at the tip can run at much higher tip speed than can a forward curved or a straight 
blade fan, with the same degree of quietness. 
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S # Is a direct connected or a belted fan preferable in public building work? 

Where space is at a premium, direct connection is best. Next in space economy is the 
short V-belt drive. The flat belt drive fan requires the greatest floor space. In this 
class of work, pressures are usually so low that even with the high speed fans the motor 
cost is greater for direct connected units than for belt drive fans. 

4? • a. What type fans are used in industrial work? 
b. What outlet velocity is suitable? 

a. All of the centrifugal types are suitable; the disc and propeller types are suitable for 
low pressure work, or they are often used as exhausters. 

b. The outlet velocities on fans for industrial work can be much higher than can those in 
public building work, where quietness is essential. Fans should be selected with outlet 
velocities as recommended in this chapter, using the upper limit of velocities. 

5 • Are direct connected or belted fans preferred in industrial work? 

In industrial applications, fans are often advantageously direct connected to motors. 
The pressures are usually high enough to use standard motor speeds. The high speed 
types of fans have limiting horsepower characteristics so that little margin in powder must 
be provided in the driving motor. Belted fans may be used, but where high power is 
required a special arrangement is often necessary for shaft and bearings on account of the 
weight of the sheave and the belt pull. 

o • A forward curved multiblade fan which requires 5.4 bhp is delivering 22,800 
cfm at 70 F against a resistance pressure of 1 in. of water at an outlet velocity 
of 1440 fpm : 

a. What is the static eflflciency? 

b. What is the total eflflciency? 

a. 66.3 per cent (see Equation 1). 

b. 74.5 per cent (see Equation 2). 

7 • If the above fan has a 54-m. diameter wheel and operates at 193 rpm, 
will it be suitable for a ventilating Installation where a minimum of noise is 
desirable? 

Yes. The tip speed will be 2720 fpm and this, together with the 1440 fpm outlet velocity, 
falls within the limits given in Table 1 for 1-in. resistance pressure. 

8 • Assuming that a 7 hp constant speed, high reactance type, self-starting 
electric motor is used to drive the above fan, what electrical starting apparatus 
should be used for control from a remote point? 

An across-the-line type magnetic push button starter with indicating lamps to show 
whether or not the unit is in operation. 

9 • What objectionable feature is inherent in the ordinary propeller fan when 
it is operating at high resistance pressures? 

It must operate at a high speed with consequent noise. 

10 • At what point should a fan be selected for operation, and why? 

At its point of maximum efflciency because the cost of operation and the noise produced 
will be least. 
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SOUND CONTROL 


Measurement of Noise, Noise in Buildings, Coefficients of 
Absorption, Insulation of Air -Borne Sound, Location and 
Insulation of Equipment Room, Insulation of Machinery and 
Solid-Borne Vibration, Control of Noise Transmission Through 
Ducts, Effect of Humidity upon Acoustics 

T he ventilating and air conditioning of any space affect its acoustics 
and become apparent when consideration is given to the require* 
ments for good hearing in any architectural interior. The requirements 
which must be given careful study are: 

1. The room should be free from noise, whether of inside or outside origin. 

2. The useful sound, whether speech or music, should be sufficiently loud (with 
reference to any residual noise) to be heard easily and distinctly. 

3. The useful sound should be distributed uniformly in all parts of the room, and the 
sound reaching the listeners should be free from long-delayed reflections which produce 
interference or echoes. 

4. The room should be free from pronounced resonant tones which may result from 
either volume or panel resonance. 

5. The room should contain sound-absorptive materials in such amounts, and of such 
qualities, as will provide a proper balance between the insistence and cessation of the 
articulated components of sound, that is, the reverberation in the room should be long 
enough to sustain harmony and impart tonal blending to music, and at the same time it 
must be short enough to prevent the overlapping and confusing of the separate sounds 
of speech. 

Obviously, the first of these requirements is the one which imposes 
restrictions on the installation of air conditioning or ventilating equip- 
ment — the equipment noises must be unobjectionable in occupied rooms — 
although the fifth requirement is not entirely independent of the humidity 
and temperature of the air. 

LOUDNESS 

Loudness is the sensation of sound intensity. When it is said that one 
sound is louder than another a difference in intensity level is implied. 
Two identical whistles when sounded together do not make a sound twice 
as loud as one. It may take ten to make a sound 20 per cent louder than 
one* It has been found that loudness bears a logarithmic relationship to 
intensity of sound. On this basis a scale of loudness has been built and a 
unit, the decibel (db), has been established. This scale is illustrated in 
Fig. 1 which shows the loudness of some typical noises. The formula for 
relating loudness and intensity is : 

Xi - = 10 logu, (1) 
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where 

L — Loudness in db; / = Intensity. 

Thus the two whistles made a noise 10 logio 2 = 3 db louder than one 
whistle and the ten whistles, 10 logic 10 == 10 db louder than one. It 
would take a hundred whistles to make a noise 20 db louder than one and 
a thousand to make a noise 30 db louder. 

MEASUREMENT OF NOISE 

Since the chief acoustical problem in the ventilating or air conditioning 
of a building consists of reducing equipment noise, it is necessary to 
describe methods for measuring noise. The measurement of noise is a 
relatively new problem, and although there are several reliable methods, 
there are as yet no standardized units, scales, or instruments for measuring 
noise^. However, the decibel {dh) described above is widely used in this 
country and England as the standard unit for noise or sound intensity — a 
unit of the same size, but called a phaUy is used in Germany — and the zero 
level of the scale is ^a barely audible sound. Since the relation between 
subjective loudness and sound intensity is dependent upon pitch, it is 
customary to refer loudness to a single frequency. A 1000-cycle tone is 
generally accepted as the reference frequency, that is, the loudness of any 
sound is rated in terms of an equally loud 1000-cycle tone. Thus, a noise 
of 50 db means that the noise would be judged to be of the same loudness 
as a 1000-cycle tone which is 50 db above the normal threshold of audi- 
bility for the 1000-cycle tone. 

As the frequencies decrease below 1000 cycles, the ear becomes less 
sensitive, until at about 30 cycles sounds are no longer audible regardless 
of their intensity. Similarly, for higher frequencies, the limit of audi- 
bility is reached around 7000 cycles. Thus, at frequencies below 1000 
cycles, sounds of the same loudness must have a greater intensity than at 
1000 cycles. This is particularly fortunate, as otherwise the low fre- 
quency sounds would mask all others. 

Noise measurements are usually made by one of three methods. The 
first is the electrical instrument method, which uses a noise meter usually 
consisting of a microphone, an amplifier, and a galvanometer. Where 
such a meter is to measure the loudness of a noise without regard to the 
frequency distribution, it must contain a weighted network which elec- 
trically simulates the varying sensitivity of response of the ear to different 
frequencies. Where it is desired to analyze the character of the sound, 
filters which shut out all but certain bands of frequencies are used with the 
meter. A number of manufacturers make such meters. 

The second method consists essentially of varying the intensity of an 
artificially generated sound until the noise generated is masked by the 
noise being measured. Obviously, this method is subject to human errors 
in observation to which the instrumental method is not, but in the hands of 


iSee Proposed Tentative Standards for Noise Measurement, and Proposed American Tentative Standard 
Acoustical Terminology of the American Standards Association Sectional Committee on Acoustical Measure- 
ments and Terminology. 

Also see How Sound is Controlled, by V. O. Knudsen {Heating, Piping and Air Conditioning, October, 
1931), and Acoustical Ih'oblems in the Heating and Ventilating of Buildings, by V. O. Knudsen (A.S.H.V.E. 
Transactions, Vol. 37, 1931). 
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a careful observer quite satisfactory results may be obtained. One 
instrument used is the audiometer, which consists of a buzzer, an ear 
phone, and a rheostat. The phone is held a fixed distance from the ear 
while the resistance of the rheostat is varied until the sound of the buzzer, 
as transmitted electrically to the phone, can no longer be heard. Audio- 
meters are available either for covering all frequencies, as in the noise 
meter, or for covering certain frequency bands only. 

A third method of measuring noise, simple, yet sufficiently accurate for 
most field measurements, employs only three tuning forks and a stop 
watch. Forks having frequencies of 128, 512, and 2048 are recommended. 
The forks must be calibrated. That is, it is necessary to know for each 
fork (1) the initial intensity, in number of decibels above its threshold, 
immediately after it has received a standard hit or excitation, and (2) the 
damping rate, in decibels per second. These calibrations can be made in 
any well-equipped acoustical laboratory. A standard hit or excitation can 
be imparted to the fork by a felt-covered spring hammer, or simply by 
letting the fork fall from a vertical position through an arc of 90 deg, 
hitting a suitable pad (such as soft rubber or felt for the 128 and 512 forks 
and hard rubber for the 2048 fork). The average 512 steel fork will have 
an initial intensity, when held 34 in. from the ear with the broad side of 
the prong facing the ear canal, of about 80 db, and will decay at a rate of 
about 1.0 db per second. Such a fork will remain audible about 80 sec 
in a perfectly quiet place, provided the listener has normal hearing. In 
the presence of a noise, it will remain audible until its tone is just masked 
by the noise. Thus, if a 512 fork, having an initial intensity of 80 db and 
a damping rate of 1.0 db per second, should be found to remain audible 
35 sec in the presence of a certain noise, the masking effect of the noise 
is 80 — 35, or 45 db. 

Procedure 

The method of measuring any noise is as follows : The observer, in the 
presence of the noise, strikes the 128 fork a standard blow. At the same 
instant he starts a stop watch. The fork is then held in front of the ear 
canal, and moved back and forth slightly, until the tone of the forkl^^jnst- 
completely masked by the noise, at which instant the watch is stopped. 
This measurement is repeated at least two times. The average time is 
subtracted from the time the 128 fork remains audible in a quiet place. 
This difference multiplied by the damping rate of the fork gives the mask- 
ing effect of the noise at 128 cycles. Similar measurements are made with 
the 512 and 2048 forks. Measurements of this type give a satisfactory 
description of both the intensity and the frequency distribution of the 
noise. The average masking effect of the noise at 128, 512, and 2048 
cycles will usually be about 5 to 10 db less than the reading given by a 
noise meter. 

NOISE IN BUILDINGS 

Measurements of the intensity of speech, music and noise in many 
buildings, with special consideration of the noise produced by ventilating 
equipment, have given the results indicated by Fig. 1. The equivalent 
loudness of sounds in buildings varies from less than 10 db near the 
outlet of an air duct in a very quiet sound studio to nearly 100 db in a 
noisy boiler factory. It will be noted that the noise from the ventilating 
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fan in a certain high school auditorium was nearly as loud as average 
speech in a large auditorium. Such an amount of noise is devastating to 
good acoustics; in fact, it is impossible to hear speech in the presence of 
such a noise. 


db 



100 

■<- Boiler Factory 


90 

-^-Electric Power Substation 


80 

^ Ventilating Room for Large Hotel ( Very Noisy ) 

Average Loudne^ of Music in Room-^- 

Conversaton in a Small Roorn-^ 

70 

60 

■♦-Inside of Duct, near Large Low Speed Fan 

■^Equipment Room ( Average Condition ; 

■^Fan Room for School Building ( Rather Quiet ) 

Speech in a Small Auditorium 


Guest Room, Large Hotel on Noisy Street 
( Windows Open ) 

Speech in a Large Auditorium-*- 

50 

^Near Outlet of Ventilabng Duct in High School 
Auditonum (Very Noisy, no "Filters* in Duct) 


40 

Fan Noise m Theater ( Poor Control of Noise ) 


! 30 

[ 



20 

^Fan Noise in Theater ( Proper Control of Noise) 


10 

I^Near Outlet Of VentilatngDuct m M. G. M 
r Sound Studio ( Planned Control of Noise ) 


Fig. 1. Chart Showing the Equivalent Loudness (in Decibels) of Speech, Music, 
AND A Number of Noises Incident to the Ventilating of BuiLDiNGsa 

aAcoustical Problems in the Heating and Ventilating of Buildings, by V. O. Knudsen (A.S.H V.E. 
Transactions, VoI. 37, 1931). 


In every problem of noise reduction in buildings it is necessary to know 
how much noise can be tolerated. The noise levels given in Table 1 may 
be regarded as completely inoffensive. They represent what might be 
termed ideal conditions, not often realized in existing buildings. How- 
ever, they represent conditions which can be attained by proper control 
of noise, and the heating and ventilating engineer should aim to provide 
the degree of quiet specified in the table. 

In considering the tolerable room noise level due to heating, ventilating, 
or air conditioning apparatus, not only must the absolute value of the 
noise be considered but also its relation to the room noise level without 
thq apparatus running. This is necessary since a large increase of noise 
subjects the apparatus to serious criticism even though the level may be 
low. It must also be borne in mind that the noise produced by the ap- 
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paratus is additive to that of the room without apparatus. Thus if the 
two are equal, when combined the noise level will be 3 db higher. For 
these reasons the room noise caused by the apparatus should not exceed 
the other room noise. 

Noise Control 

Essential to the design of a satisfactory system are: first, a knowl- 
edge of the nature and intensity of the noise generated by the various 
parts of the equipment; second, a knowledge of how to vary the noise 
level between the apparatus and the conditioned room if need be; 
third, a knowledge of the acceptable level of apparatus noise in the con- 
ditioned room. Besides these, the engineer must be able to deal with 
other noises which might enter the room when openings are made into it, 
such as cross talk between rooms connected with common ducts, and noise 


Table 1. Acceptable Noise Levels 


Talking picture studios 

6 to 8 db 

1^3 din hroaHrasting studios 

8 to 10 db 

Hospitals 

8 to 12 db 

Music studios 

10 to 15 db 

Apartments, hotels, homes, small private offices 

10 to 20 db 

Theaters, churches, auditoriums, classrooms, libraries 

12 to 24 db 

Talking pirtiire thejitftrs, small clothing stores 

15 to 25 db 

Gf^ni^ral officf^s . 

20 to 30 db 

Large public offices, banking rooms, upper stories of department 
«;torfts, restaurants, barber shops . . 

25 to 35 db 

(Grocery storeys, drug stores... 

30 to 50 db 

Accounting and typewriting offices 

35 to 45 dn 

Main floor of department stores 

40 to 50 db 



transmitted to portions of duct systems outside the conditioned room and 
thence to its interior. 

The problem of apparatus noise is receiving the study of equipment 
manufacturers who are aiming at both noise reduction and standardiza- 
tion. Some manufacturers now have noise ratings available for their 
equipment, while some pass each unit of equipment of certain types 
through sound tests during the course of manufacture. 

The problem of noise reduction from apparatus to room must take into 
consideration and treat separately the three modes of travel of noise to the 
room : first, from the apparatus through the air to the walls of the room 
and thence to its interior; second, through the building structure to the 
room; third, through ducts or openings to the room. Because the noise 
entering by each of these three channels is susceptible to quantitative 
analysis, solutions are available. Along with the transmission of sound 
through the building structure, the engineer must also consider the 
transmission of vibration, which may also be objectionable. The solution 
is not complete, however, until the effect of the noise entering the room on 
the. room noise level is determined. 

ROOM NOISE LEVEL, COEFFICIENTS OF ABSORPTION 

One of the most effective means of reducing noises in ventilating equip- 
ment is accomplished by the proper covering of the interior walls and 
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ceiling of the equipment room, or the inner walls of the ducts, with sound- 
absorptive materials. The intensity / of a continuous sound in a room is 

, E rs' 

/ = or 2 

a a 

where 

E — the rate of emission of the noise source == V SK (The intensities of noises entering 
the room times the areas through which they enter.) 

a = the total amount of absorption supplied by the boundaries and contents of the 
room. 

= ai-Si -h + oLzSz -h where Si, S2, S3, are the areas of the 

boundary materials for the room, and oci, a>, as, are the corresponding coefficients 

of absorption. 

Hence, by increasing tenfold the absorptivity of the boundaries of a room it is possible 
to reduce tenfold the average intensity of sound in the room; that is, the intensity level 
would be reduced 10 db. 

Thus it is possible to compute the noise level in the room if the intensity' 
of noises entering the room or generated in it are known. 

It will be seen that the noise intensity reduction is dependent upon the 
amount of sound absorption in the room, and that the first units of absorp- 
tion are more effective than succeeding units. In general, the room noise 
level will be from 10 to 20 db lower than the air inlet or outlet noise 
intensity, the 10 db being in the case of bare rooms having large venti- 
lating or air conditioning openings in relation to their size, and the 20 db 
in the case of rooms having large amounts of absorptive material with 
small openings. In some cases, the noise level reduction may run up to as 
much as 30 db, but then the higher sound intensity adjacent to the 
openings tends to nullify the effects of the extra reduction. Where these 
openings are large, the local effect on the noise intensity extends some 
distance from the opening ; for instance, a four-square-feet opening might 
have a local effect within ten feet, while a one-half-square-foot opening 
would have a local effect within only five feet. 

The coefficients of sound-absorption for a number of standard absorp- 
tive materials used, or suitable for use, in equipment rooms are given in 
Table 2. Coefficients are given for frequencies of 128, 512, and 2048 
cycles. Where the frequency of the noise is not known, the values for 
512 or 128 cycles are usually used. 

INSULATION OF AIR-BORNE SOUND 

The transmission of air-borne sounds through rigid partitions is accom- 
plished primarily by the diaphragm-like vibrations of the partition. The 
weight per square foot of the wall is the determining factor, and the 
insulation value of a wall, in terms of the transmission loss in decibels, 
is proportional to the logarithm of the weight per square foot. Other 
factors, such as size, stiffness, composition, manner of mounting, and the 
use of multiple structures separated by air spaces or flexible connectors, 
contribute to the effective insulation. If the coefficients of sound trans- 
mission of different types of structures and tjhe noise intensity in the space 
adjoining a room are known, it is possible to calculate the noise intensity 
in a room by the use of formula 1 and the following formula : 

P - PW 
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Table 2. Coefficients of Sound Absorption^ 


Matehul 

j 

Thickjtess j 
(Inches) j 

CoEmciENTa OP Sound Absobption 


128 

Cyclfs 

i 512 

I Cycles 

2048 

CyclK 

Acoustex 60, spray painted : 

1 i 

0.16 

0.51 

0.72 

Acousti-Celotex, Single B 

^ i 

0.11 

1 0.45 

0.68 

Acousti-Celotex, Triple B 

IM 

0.20 

i 0.75 

0.67 

Acoustic Flexfelt.„ 


0.27 

0.56 

0.68 

Acoustone ; 

1 


1 0.66 

0.69 

Akoustolith piaster.- ! 

Vi 

0.21 

1 0.29 

0.37 

Akoustolith A, Tile 

1 

0.14 

I 0.48 

0.83 

Brick wall, unpainted 

18 

0.024 

0.031 

0.049 

Calicel 

1 

0.23 

0.72 

0.71 

Corkoustic, Type C 

m 

0.08 

0.61 

0.64 

Glass.- 


0-035 

0.027 

0.020 

Insulite Acoustile, Type 44...- 

IVs 

0.26 

0.50 

0.61 

Kalite, with three coats lacquer ; 

Vi 

0.35 

0.43 

0.45 

Macoustic Plaster, stippled to depth of in 1 


1 0.13 

0.31 

0.58 

Masonite 1 

Ks 

I 0.18 

0.32 

0.33 

Plaster, gypsum on hollow tile 1 

1 0.013 

0.020 

0.040 

Plaster, gypsum, scratch and brown coats on 
metal lath on wood stnds . j 


0.020 

0.040 

0.058 

Plaster, lime, sand finish, on metal lath ! 


0.038 

0.060 

0.043 

Poured ronorete, nnpainted i 

0.010 

0-016 1 

0.023 

Rorkoiistile. . 

1 

0.18 

0.57 

0.72 

Svabinite . 

H 

m 

0.34 

0.49 

Sanacoustic Tile j 

0 .‘19 

0.79 

0.74 

Stuccoustic Plaster, Type XB i 


0.29 : 

0.59 

0.72 

Transite Tile i 

1 

0.19 

0.81 

0.72 

Trutone Tile i 

IH 

0.31 

0.57 

0.64 

Wood sheathing, pine 

% 

0-098 

0.10 

0.082 

Wood, varnished 

i 


0.05 

0.03 

0.03 


^Architectural Acoustics, by V. O. Knudsen, pp. 219, 220, 240-251. 


where 

P' — noise intensity in space adjacent to room. 

X — coefficient of sound transmission. 

Coefficients of sound transmission for some common walls are shown 
in Table 3. 

Example 1, Suppose the brick wall between an equipment room and an adjacent 
auditorium has an area of 200 sq ft and a coefficient of sound of 0.00001 (see Table 3) ; 
that the auditorium contains 2000 sabines^ of absorption ; and that the noise level in 
the equipment room is 70 db above zero level. 

rii 

70 — 0 = 10 logio -y- (from Formula 1) 
io 



= 10^ X 0.00001 = 100 (from Formula 3) 
lo 

-^ = 100 X = 10 (from Formula 2) 


sabine is 1 sq ft of totally absorptive surface. 
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Room loudness = 10 logic 10 = 10 db 

If the sound absorption in the auditorium had been as small as 200 sabines, the sound 
intensity in the auditorium would have been 10 times as great and the noise level in the 
auditorium would have been 20 db. 

If the rest of the auditorium has an area of 20,000 sq ft with a surrounding noise 
intensity of 50 db (/" = 10®) the noise level due to all of the noise entering through the 
wall w^ould be found as follows: 

4^- = 10‘ X 0.00001 = 1 

io 

7 20 000 

= 10 (Through equipment wall) -j- 1 X 2 ^q “ 

Room loudness X 10 logic 20 = 13 db 

Now suppose that there is also a duct having 20 sq ft outlet connecting the room with 
apparatus having a noise level of 70 db (J” = 10^) and suppose that there is an assumed 
ttenua tion in the duct equivalent to a transmission factor of 0.0002. Then, 

^ = 10’ X 0.0002 = 2 X 10« 

-to 

^ = 20 (from above) + 2 X 10» X = 40 

Room loudness = 10 logic 40 = 16 db 

It may be seen how the energies of noises entering a room are added to obtain the 
final room noise intensity. 

The average coefficients of sound transmission (128 to 4096 cycles) for 
a number of walls and of floor and ceiling partitions are listed in Table 3. 

Table 3. Average Coefficients of Sound Transmission for Building Partitions^ 


Description of Partition 

Average 

Coefficient 

Brick panel, Mississippi, 8 in.; plastered both sides gypsum brown coat,| 
smooth white finish; good workmanship 

0.000010 

■Rrirk W?*!!, pTastt^r both sid^s 

0.000032 

Brick wall, 2^in., 2-in. furring: strips, H-in. rigid insulation lath plastered 
both sides . - 

0.0000016 

Brick wall, 4 in., 2-in. furring strips and 34-in. rigid insulation lath, plaster, 
on side; nthpr side plastp.rpd dirprtly on brink 

0.0000040 

Concrete flat slab floor construction, reinforced; floating floor consisting 
of nailing strips, rough and finish flooring; 34-in. rigid insulation furred 
out and applied as c^iiling _ , . _ 

I 

0.0000020 

plfltA t^-in. 

1 0.0010 

H-la.sSj pifltp l/£-in. doiibln glazed, It^-in. separation 

0.0001 

Metal lath, double, on 1 34-in. channels, M-in. gypsum plaster; without 
nross bra pin g rlips; 4- in., non n er.ted at edges only 

i 

0.000016 

Tile, hollow clay partition, three cells, 4 in. x 12 in. x 12 in., wood furring 

strips, 34-in. rigid insulation, gypsum brown coat, smooth white finish 

Wood joists, lower side plastered on wood lath; floating floor consisting of 
nailing strips, rough and finish flooring. 

0.0000050 

0.0000050 

Wood studs, four-paper plaster board, three-coat smooth finish gypsum 

plaster 

0.000010 

Wood studs, two K'in. sheets rigid insulation both sides, joints filled, 

gypsTim spratrh and brown mats, smooth white finish 

0.000013 

Wood studs, 2 in. X 4 in., staggered, metal lath, 34"in. gypsum plaster; 
71%Tn. ; ponnerted at edges only 

0.000040 



^Architeciu al Acoustics^ by V. O. Knudsen, pp. 308-322. 
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LOCATION AND INSULATION OF EQUIPMENT ROOM 

The equipment room, if possible, should be located at a considerable 
distance from ail rooms in which quiet is required. If this is not possible, 
it is necessary to provide a high degree of insulation against the noise 
which may be transmitted through the walls of the equipment room, and 
also against the noise which almost certainly will be communicated 
through the short ducts. (See discussion of Control of Noise Trans- 
mission through Ducts, p. 311.) Three wall sections and two floor and 
ceiling sections which are satisfactory for the wall insulation of the 
equipment room are shown in Fig. 2. Other partitions, with their sound 
insulating values, are listed in Table 3. The addition of absorptive 
materials (such as are described in Table 2) to the inner walls and ceiling of 
the equipment room will not only increase the insulation through the 
walls, but will also reduce the intensity of the noise in the room. The 
equipment room noise intensity may be figured in the same way as that of 
the conditioned space, taking the equipment as the source of noise. In 
case the equipment is subject to considerable vibration it is advisable to 
provide a separate or floated floor. 



Insulation Value -47 db. 


'4" Hollow Clay Tile 
2"Furnng Strips 
''Paper and Metal Lath 
Plaster 


Insulation Value = 52 db. 


a "^Absorptive Blanket 
i "^2 Board 
^ Plaster 

\ ^Staggered Wood 
Studs 


Insulation Value 
Greater than 50 db. 


^Rough and Rnish Flooring 
Absorptive Blanket 


^Plaster on Lath 



Resilient Chairs 
Concrete Slab 
Resilient Hangers 
Plaster on Lath 


Insulation Value = 50 db. 


Insulation Value =* 60 db., or more 


Fig. 2. Three Wall Sections and Two Floor and Ceiling Sections which are 

SXHTABLE FOR THE INSULATION OF EQUIPMENT RoOMSa 

aAcoustical Problems in the Heating and Ventilating of Buildings, by V. O. Knudsen (A.S.H.V.E. 
Transactions, Vol. 37, 1931). 


INSULATION OF MACHINERY AND SOLID-BORNE VIBRATION 

Since mechanical vibrations are readily transmitted through the solid 
structure of a building, it is extremely important in air conditioning that 
all mechanical equipment in which vibrations are generated be thoroughly 
insulated from the solid structure of the building. An almost universal 
notion prevails that the vibrations generated by machinery can be in- 
sulated from a building simply by placing a slab of cork or a layer of 
hair felt between themachinery and the floor of theroom. If themachinery 
is sufficiently heavy, and the cork or felt sufficiently resilient, this ex- 
pedient may suffice. On the other hand, if the machinery is not suf- 
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ficiently heavy to load the cork or felt support to the extent that the 
natural frequency of the machinery on the cork or felt is low in com- 
parison with the frequency generated by the equipment, the cork or felt 
may be of little avail. The insulation of vibration can be accomplished 
by means of suitable elastic supports or suspensions, but the design of 
these elastic supports should be based upon calculation rather than 
guess-work. 

The theory of the insulation of vibration was first worked out by 
Soderbergh. If a machine of mass m be supported by an elastic pad the 
amount of vibratory force communicated by the machine to the floor or 
foundation upon which it rests will be determined by the elastic and viscous 
properties of the pad. The ratio of the vibratory force communicated to 
the floor or foundation with the machine resting upon the pad, and with 
the machine resting directly upon the floor, is given by the following 
equation : 


v; 


r* + 




— 


— y 

2T:nc ) 


( 4 ) 


where 


x' — the so-calied transmissihility of the support. 
c = the compliance (that is, the reciprocal of the force constant). 
r — the mechanical resistance owing to the viscous forces within the support. 
n = the frequency of vibration generated by the machine which is to be insulated, 
such as the commutation frequency of a motor or the blade frequency of a fan. 
m = the mass of the machine to be insulated. 


It should be noted that not only must vibrations within the audible range of fre- 
quencies be considered, but those in the sub-audible range as well, since these may cause 
objectionable vibrations. All the possible frequencies should be considered in the calcu- 
lation. Sometimes beat effects are introduced by slight irregularities of belts or pulleys 
that have much lower frequencies than those of the rotating elements. 


If the pad is to be of any value in the prevention of solid-borne vibra- 
tions, the value of must be considerably smaller than unity. If the 
fundamental frequency of vibration generated by the machine happens to 
coincide with the natural frequency of the mass of the machine resting on 
the elastic pad, a condition of resonance will be established, and the 
machine will exert a greater force upon the foundation than it would if 
the pad were completely removed. It is necessary, therefore, that the 
elastic support be sufficiently compliant, and the mass of the machine 
sufficiently heavy, that the natural frequency of the mass m upon its 
elastic support will be low in comparison with the frequencies which are 
generated by the machine. Thus, if the principal vibrations in the 
machine be of the order of 100 vibrations per second, the natural frequency 
of the machine mounted on its elastic support should not exceed about 
20 vibrations per second. 

If a slab of insulating rnaterial be placed under the entire foundation of 
a machine, as is often done in practice, it may happen that the natural 
frequency of the machine on its elastic support will be nearly the same as 
the frequencies which are to be insulated, in which case the elastic support 


KI. R. Soderberg, The Electric Journal Qanuary, 1924), and succeeding articles. See also V. O. Knudsen, 
Physical Review, Vol. 32. 1928, p. 324, and A. h. Kimball, Journal Acoustical Society of America, Vol 2, 
1930, p. 297. 
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will be worse than nothing. In general, as Equation 4 shows, both m and 
c should be as large as possible if the vibrations of the machine are to be 
effectively insulated from the solid structure of the building. Further- 
more, the machine should rest upon a rigid floor so that the elastic 
yielding of the floor is prevented from communicating the machinery 
vibrations to the solid structure of the building. 

The elastic support under the machine acts as a low-pass filter which 
passes all frequencies below about two times the natural frequency of the 
machine moun ted on its elastic support, but prevents all frequencies 

above about ^ from reaching the solid structure of the building. The 

principal influence of the internal mechanical resistance r is to limit the 
vibration at the resonant frequency. It is generally advisable, therefore, 
to use materials which have an appreciable internal resistance. 

The values of c and r can be determined for any specimen of flexible 
material and, when known, can be used to determine the insulation value 
of any particular set-up. The value of c can be obtained by making static 
measurements of the amount of displacement of the compressed support 
for each additional unit of the compressing force. If this be done for a 
specimen of the flexible material of a certain thickness and area of cross 
section, the compliance can be determined for any other thickness or area 
from the relation that c will be directly proportional to the thickness and 
inversely proportional to the area of the flexible support. When the 
internal resistance r is not too large, it can be determined by observing the 
successive amplitudes of the free vibrations of a mass m which rests upon 
a specimen of the flexible material, and solving for r by the usual log- 
decrement method. Or, if the damping be so great that the free motion of 
m is non-oscillatory, r can be obtained from measurements on the experi- 
mentally-determined resonance curve of the forced vibrations of m, or 
from measurements of the rate of return of m when it is given an initial 
displacement. 

If the resistance of a certain specimen of material, as cork, felt, or 
rubber, has been determined by any of these methods, the resistance for 
any other thickness or area of the material can be determined approxi- 
mately because the resistance will be inversely proportional to the 
thickness and directly proportional to the area of cross-section of the 
flexible support. Thus, if the values of c and r for a flexible material 
be known, it is possible to calculate, by means of Equation 4, the amount 
of insulation that will be obtained from the use of this material as a 
flexible support for a piece of equipment having a mass m. For the 
routine calculations in practice, r may be neglected with only a slight 
sacrifice of accuracy. Table 4 gives the values of c and r for a number of 
commonly used flexible materials. 

In general, there are two principal points to observe in the design of a 
flexible support for any piece of equipment, namely, the material should 
have a relatively large compliance and it should he loaded to nearly the 
upper safe limit of loading, ^veral flexible metallic supports have recently 
been developed. 

Example 2, A machine weighing 1000 lb has a base area of 20 sq ft. Assume that the 
principal vibration of the machine has a frequency of 100 cycles per second (most 
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Table 4. Compliance and Resistance Data for Typical Specimens of 
Flexible Materials^ 

The compliances and resistances given in the table are for specimens 1 hi, thick 
and 1 sq cm in cross-section 


Material 

Description 

OF Materul 

Approximate Upper 
Safe Loadino in 
Pounds per Square 
Inch 

Compliance c in | 
Centimetees per 
Dyne 

Resistance r in 
Absolute Units 

Corkboard 

1.10 1b per 
board foot 

12 

0.25x10-6 

0.15 X 10® 

Corkboard 1 

0.70 lb per 
board foot 

8 

0.50x10-6 

0.25 x 10® 

Flax-li-num 

1.35 lb per 
board foot 

4 to 6 

0.60 X 10-6 

0.50 X 10® 

Celotex 

Carpet lining 

10 

0.40x10-6 


Celotex 

Insulating 

board 

Insulating 

board 

12 

0.18 X 10-6 


Insulite 

15 

0.16x10-6 


Masonite 

Insulating 

board 

15 

0.12x10-6 


Anti-Vibro-BIock 


5 

0.60x10-6 

1.5 X 10® 

Sponge Rubber 

25 lb per 
cubic foot 

1 to3 

3.0 xlO-6 1 


Soft India Rubber 

55 Ib per 
cubic foot 

3 to 6 

1.2 xlO-6 


Hairfelt 

10 lb per 
cubic foot 

lto2 

1.5 xlO-6 



^Architectural Acoustics, by V. O. Knudsen, p. 278. 


machinery vibrations are less than 150 vibrations per second, and the assumed frequency 
of 100 is quite representative of typical machines). Suppose that a 1-in. slab of cork- 
board weighing 1.10 lb per board foot be placed between the machine and the floor. 
The loading on the cork will then be only 50 lb per square foot, or slightly more than 
)/i lb per square inch. (It is assumed that the compliance c in centimeters per dyne for a 
specimen 1 in. thick and 1 sq cm in cross-section is 0.25 X 10“® and the resistance r in 
mechanical ohms is 0.15 X 10^.) 

The transmissibility is calculated in the following manner: 

Mass of machine in grams = 1000 X 454 = 4.54 X 10^ 

Area of base in square centimeters = 20 X 144 X 
2.54 X 2.54 = 1.86 X 10^. 

Therefore, the compliance of the entire support, 1 in. thick and 20 sq ft in cross 

section, is 0.25 X 10“® X ^ gg ^ ' io^- ~ ^ dyne, and the resistance of 

the entire support is 0.15 X 10® X 1.86 X 10^ = 0.28 X 10® mechanical ohms (or absolute 
units). Therefore, 


v- 


(0.28 X 10»)* + 


10 “ 


4** X 100 X 0.134 


(0.28 + 10»)2 + (2x X 100 X 4.54 X lO* - 


10 “ 

2x X 100 X 


towT ■ 


= 0.93 


Consequently, it is seen that the transmissibility is nearly equal to unity, and that the 
support therefore is not satisfactory for insulating 100 or fewer vibrations per second. 

If the amount of cork be reduced so that it is loaded to 10 lb per square inch, the total 
area of the supporting cork will be only 100 sq in. or 645 sq cm. The compliance of the 
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entire support will now be 0.25 X 10 « X ^ — 0.39 X lO'® cm per dyne» and the 

resistance w'ill be 0.15 X 10^ X 645 — 0.97 X 10^ mechanical ohms (or absolute units). 
Therefore 




V' 


(0.97 X 10’)» + 


101 * 


4s2 X 100 X 0.39 


(0.97 X 10’)* + ( 2x X 100 X 4.54 X 10* - 


10 ' 


2x X 100 X 0, 


— y 

1.39/ 


= 0.037 


It is seen, therefore, that with the bearing surface on the cork reduced 
to 100 sq in. (that is, with the cork loaded to 10 lb per square inch), the 
transmissibility is reduced to 0.037, or the amplitude of vibration trans- 
mitted to the floor will be only about 1/27 of what it would be if the 
machine were mounted directly upon the floor. These two numerical 
examples will serv^e to show not only the manner of making the calcu- 
lations, but also the importance of selecting the proper type and design of 
flexible supports for insulating the vibrations of a machine from the 
rigid structure of a building. 


CONTROL OF NOISE TRANSMISSION THROUGH DUCTS 

The most troublesome sources of noise from ventilating and air con- 
ditioning equipment are fan and motor noises which are transmitted 
through the ducts. The reduction, in decibels, of noise transmitted 
through a duct, neglecting reflection from ends and bends, is proportional 
(1) directly to the length of the duct, (2) directly to the perimeter of the 
duct, (3) inversely to the area of cross-section of the duct, and (4) directly 
(or at least approximately so) to the coefficient of sound absorption of the 
material which comprises the interior surface of the duct. It is apparent 
therefore that long narrow ducts, lined with highly absorptive material, 
will provide a high degree of insulation against the transmission of noise 
through ducts. In fact, small ducts (4 in. x 6 in.), made of material 
having a coefficient of sound-absorption of 0.50, will provide a noise 
reduction of slightly more than 1 db per linear foot. 

As can be seen from an inspection of Table 2, noises of low frequency 
are difficult to absorb; on the other hand, these frequencies are easily 
reflected by elbows, branches, and duct ends whereas higher frequencies 
are little affected. Furthermore, the reflection effects are more pro- 
nounced in small ducts than in large ducts. Hence, by introducing into 
a duct a sufficient length of small, absorptive channels together with a 
number of elbows or other reflecting elements it is possible to reduce the 
transmitted noise to any required degree. This applies not only to ducts 
between the equipment room and other rooms in a building, but also to 
ducts connecting adjacent or nearly adjacent rooms. By the proper use 
of such filters it is possible to eliminate all of the difficulties which arise in 
connection with the transmission of sound through ventilating ducts. The 
problem is an engineering one which can be worked out prior to the in- 
stalling of the equipment, and it can be calculated in such a way as to 
meet the most rigorous demands for silent operation. There is a need for 
quantitative data r^arding the attenuation or noise-reduction provided 
by different types of ducts, but even with the meager data available it is 
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possible to design filters which will suppress the ordinar>^ noises incident 
to the ventilating or air conditioning of buildings^. 

In general, the motion of air resulting from the ventilating of rooms is 
not sufficient to introduce any appreciable difficulty in auditoriums, except 
where noise may originate from the issuing of high-speed air from nozzles. 
However, by proper stream-lining of the nozzles, it is possible to work 
with speeds which are adequate for all practical purposes without pro- 
ducing any disturbing noises. Since sound is propagated with a velocity 
of more than 1100 fps, the velocity of the air would have to attain speeds 
of at least 20 to 30 fps before these wind velocities would have any 
appreciable influence upon the propagation of sound. 

If there is to be any appreciable motion of air in an auditorium, it is 
advantageous to have the upper layers of air moving in a direction from 
the stage toward the audience, as this will tend to refract the sound waves 
down toward the audience. However, unless the speed of the air is as 
great as 20 or 30 fps, the amount of refraction will not be noticeable. 
Therefore, as a rule the motion of air in an auditorium does not have an 
appreciable effect upon the acoustical properties of the room. 


EFFECT OF HUMIDITY UPON ACOUSTICS 


Recent experiments^ have shown that both the humidity and the tem- 
perature of air have a marked influence upon the rate of absorption of 
high-pitched sounds. Perfectly dry air is less absorptive than air con- 
taining any amount of water vapor. At relative humidities of 5 to 25 per 
cent, the air is highly absorptive but becomes less and less absorptive as 
the humidity is increased. High-frequency sounds are propagated 
better in cold humid air than in hot dry air, and since high-frequency 
sounds are particularly important for the preservation of good quality 
in speech and music it is advantageous to maintain the air in a room at a 
relatively high humidity, not less than about 55 to 60 per cent. On the 
other hand, where it is desirable to absorb all frequency components of 
sound, as for the reduction of noise in offices, it is advantageous to main- 
tain relatively dry air. 

The time of reverberation in a room is given by the following equation : 


where 


0.049 F 

4w F — S loge (1 — a) 


(5) 


F = volume of room in cubic feet. 

S — interior surface of room. 

a == average coefficient of sound-absorption of the interior surface of the room. 
m ~ the absorption coefficient of the air in the room. 


The coefficient m depends upon the frequency of the sound and the 
humidity (and probably the temperature) of the air. At a temperature of 
70 F, and for sound waves having a frequency of 4096 vibrations per 
second, m = 0.0027 at 25 per cent relative humidity, 0.0018 at 54 per 


mow Sound is Controlled, by V. O. Knudsen (A.S.H.V.E. Transactions. Vol. 37. 1931). 

®Effect of Humidity upon the Absorption of Sound in a Room, by V. O. Knud^n (Journal Acoustical 
Society of America, July, 1931). Also see report presented at the May, 1933, meeting of A. S. of A, 
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cent, and 0.0013 at 82 per cent. It will be seen, therefore, that the absorp- 
tion of sound in the air is twice as great at a relative humidity of 25 per 
cent as it is at a relative humidity of 82 per cent. This explains why 
sounds in the open travel so much better on humid days than they do on 
dry days. ^ xAilthough this dependence of absorption upon humidity is 
characteristic of low-frequency as well as high-frequency sound, the actual 
amount of absorption in the air is negligible for frequencies below about 
1024 vibrations per second. However, the absorption of the higher 
frequencies in the air is a significant factor, and its dependence upon 
humidity calls for careful consideration in planning the air-conditioning 
equipment for buildings. 


PROBLEMS IN PRACTICE 


1 # What are the requirements for good hearing in a room? 

Freedom from noise, adequate loudness of speech or music, uniform distribution of 
sound throughout the room, freedom from echoes and sound foci, no pronounced reso- 
nance, and proper reduction of reverberation. 

2 • Why do modern improvements in the acoustics and air conditioning of 
buildings present new acoustical problems to the heating and ventilating 
engineer? 

In acoustically treated rooms, both outside and inside noise are reduced, and conse- 
quently the noise of ventilating equipment becomes more noticeable. The closed 
windows in air conditioned buildings exclude outside noise, which makes all inside noise 
from mechanical equipment seem louder. 

3 • Name the acoustical problems which should be solved in connection with 
the installation of heating or air conditioning equipment. 

Selection of quietly operating equipment; adequate insulation of walls surrounding the 
equipment room; mounting of all vibrating equipment on flexible supports which will 
eliminate solid-bome vibrations; design of suitable sound filters to reduce the trans- 
mission of noise through ventilating ducts; the use of suitably low air speeds and stream- 
lining, where necessary, to prevent eddy noises. 

4 • Are good heat insulators also good sound insulators? 

As a rule, no. Blankets and felted materials offer considerable insulation for sounds of 
high frequency, but very little for sounds of low frequency. 

5 0 What is the principal consideration in the selection of elastic supports for 
the insulation of machinery vibration? 

The support should be so compliant that the natural frequency of the mass of the machinery 
on its elastic support will be low in comparison with the vibrational frequencies which are 
to be insulated. 

6 0 What means should be utilized for preventing air-borne noise from the 
ventilating equipment from being transmitted through the walls, celling, or 
floor of the equipment room? 

Treat the interior walls and ceiling of the equipment room with absorptive material ; see 
that all doors and windows to the equipment room fit tightly in their frames; and use 
wall, and floor and ceiling partitions which have an insulation value of not less than 50 db. 
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7 # Name effective methods for reducing the transmission of sound through 
ventilating ducts. 

Line the ducts with sound absorptive material, or use suitable sound filters made up of 
long channels of small cross-sectional area, lined with sound absorptive material. 

8 • What are the effects of humidity and temperature on the absorption of 
sound in air? 

The absorption increases with a rise in temperature, and decreases for relative humidities 
above about 20 per cent. A relative humidity of 55 to 60 per cent is advantageous 
acoustically in large auditoriums. 

9 • How may sound be measured and >vhat are the advantages of the methods 
available? 

Three practical methods are now available to the heating and ventilating engineer, 
namely: 

a. The noise meter method. 

b. The audiometer and ear method. 

c. The tuning fork and ear method. 

Except for instrument adjustments and the use of the eye in reading a meter, the human 
element does not enter into measurements made with the noise meter, so it is to be pre- 
ferred, if available. The tuning fork method is relatively cheap and simple and suf- 
ficiently accurate for most field work. The audiometer and ear method ranks betw^een 
these two in preference. 

18 • What are some of the more important sources of noise in buildings, for 
which the heating and ventilating engineer may be held responsible? 

a. Furnace room equipment. 

b. Radiators and piping. 

c. Uncalked openings in walls around pipes and ducts, 

d. Ventilating fans, if noisy in operation and not isolated from the building structure by 
properly designed vibration damping foundations. 

e. High air velocity in ducts. 

/. Ventilation fan rooms not insulated acoustically from parts of the building where 
noise would be objectionable. 

g. Ventilating ducts without flexible non-metallic sleeves in them to break metallic 
sound conducting paths. 

h. Cross connection of rooms acoustically through ducts. 

f. Ventilating ducts without sound absorbing lining, if required, 

j. Unit heaters and ventilators. 

k. Unit air conditioners. 

11 # The noise level in the fan room, directly under the main floor of a theater 
is 70 db. The floor is constructed as described in Item 5, Table 3. What is the 
fan noise level in the theater? 

According to Table 3, the average coefficient of sound transmission, t, of such a floor 
construction is 0.0000020. The transmission loss through the floor, expressed in db, is: 

rz = loiogio-t 

= 10 logio Q ( 3 QQQ 020 
= 57 

The fan noise level in the theater would, therefore, be 70 db less 57 db, or 13 db, which, 
according to Table 1, is an acceptable level. 

Another way of arriving at the same result is by use of Formula 3, in which is the in- 
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tensity of fan noise as measured in the theater, and /" its intensity as measured in the 
fan room, /© being the reference intensity in both cases, while t is 0.000002 or 2 X 10-®. 



4^ = 10’ X 2 X ICH = 20 

J.Q 

Noise level = 10 logio 20 = 13 db. 


12 • Measurements made separately of the noises from different sources pre- 
vailing in a large, noisy banking room revealed the following average noise 
levels: 

a. From the street through windows, doors, and walls, 40 db. 

b. From adding machines, typewriters, human movements and conver- 
sation, 60 db. 

c. From the ventilating system, 50 db. 

What was the total noise level of the room? 


Calling 7s, 7b, and 7v the intensities of the street, banking room, and ventilation noises, 
respectively, and 7© the reference level, we have: 

N = w A = io« A = in= 

-to j-o 7o 

The total intensity, 7, will be 7s + 7b + 7v 


The intensity level is 10 logu 


10 logi 


(Is ~h 7b ~f~ 7v) 


= 10 logio (10^ + 10® -f 10®) 

= 60.4 db 


Note that the total loudness level is not much above the level of the loudest noise. While 
noise intensities may be added arithmetically, noise levels expressed in decibels cannot 
be so added. 


13 • A ventilating fan room 30 ft by 30 ft by 12 ft has brick walls, a concrete 
floor, and a concrete ceiling. How much will the noise level of this room, 
expressed in decibels, be reduced by applying sound insulating material (co- 
efficient of absorption 0.6 at 512 cycl^) to two walls and the ceiling? 

Use Formula 2: 

7151 

7 = before applying material 

h = - after applying material 

I _ a _ 0 } 

Ti rs' ~ a 

a’ 

Referring to Table 2: 

a = (4 X 12 X 30 X .031) + (2 X 30 X 30 X .016) = 73.4 

= (2 X 12 X 30 X .031) + (30 X 30 X .016) + (2 X 12 X 30 X 0.6) + 

(30 X 30 X 0.6) = 1008.7 

I _ a} _ 1008.7 _ 

7i a 73.4 ^ 

Noise level reduction = 10 logip-^ = 10 logia 13.7 = 11.4 db. 

7x 
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14 • What relation does the movement for the suppression of noise hear to the 
trend toward air conditioning of offices and other places in cities where people 
work or congregate? 

Very important sources of disturbing sounds are the various street noises that gain 
entrance, not only through open windows but to a certain extent even through closed 
windows. If windows are to be kept closed to exclude noise, air conditioning is a practical 
necessity, especially in summertime. Summertime air conditioning makes use ^ of 
awnings, ’which are not only desirable but economical in that they keep down cooling 
loads. To obviate condensation and frost on windows, wintertime air conditioning calls 
for storm sash or double glazing which in turn reduces the transmission of street noises 
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AIR DISTRIBUTION 

Warm Air Systems, Combined Systems, Split Systems, School 
Buildings, Theaters, Upward System, Downtcard System, Vanes 

T O produce proper air distribution in a room to be ventilated, heated, 
or cooled by air, the design and location of the air supply inlets and 
exhaust outlets must be carefully considered. A system may fail though 
it handles the proper amount of air if such important design principles 
are ignored. 


WARM AIR SYSTEMS 

With gravity warm air systems, it has been the practice to place the 
supply registers in or near the floor of each room and to place the return 
grille in the floor of the first story. When there is mechanical air circu- 
lation, the supply ducts may be extended to the outside walls and the air 
discharged into the rooms near their cold exposures ; on the return side a 
grille is placed in or near the floor at a central location, or individual 
return grilles are provided, usually at the corner of the room opposite the 
supply register. 

These arrangements are usually satisfactory for heating (Fig. 1) but not 
for cooling (Fig. 2). If cool air is introduced at one side of the room at the 
floor, and if the escape opening for the heated air to be displaced by the 
cool air is at the floor at the other side, the cool air will travel across the 
floor and escape through the vent or return air opening, and thus not 
appreciably affect the warmer air in the upper part of the room. 

The air supply opening will serve satisfactorily if located high on an 
interior wall opposite the exposed wall, and this location answers well also 
for gravity indirect heating. The corresponding return air arrangements, 
however, apparently are not subject to exact rules, but must be adapted 
to circumstances. For example, where the building is compact, with a 
first story having rooms open to each other, a single, centrally-located 
return at the floor functions satisfactorily for heating, and if the second 
story bedrooms are also compactly arranged no individual return from 
each will be necessary. On the other hand, any room which is unusually 
exposed, which is especially remote with reference to the other rooms, or 
which is apt to be tightly closed most of the time, should have a controlled 
return grille and duct. With a mechanical warm air system, this return 
may be close to the floor, either below the supply grille or under windows 
or other cold exposures, and with a gravity system it may be close to the 
floor at the opposite side of the room from the supply grille. 

There is always an advantage in keeping the warm air ducts concen- 

317 



American Society of Heating and Ventilating Engineers Guide, 1935 


trated nearer the furnace and not exposing them to the influence of back 
drafts of cold air by locating them in outside walls. 

COMBINED SYSTEMS 

For a combined mechanical heating and cooling system using refrigera- 
tion for cooling, no particular change in the ducts usually is necessary. It 
is desirable from an economic standpoint to take advantage of the natural 
tendency of the cooler air to remain below the warmer air overhead, and 
anything which will bring about such stratification will effect an economy 
in refrigeration. 



Fig. 1. Air Circulation when Heating 
WITH Low Supply and Return Openings 



Fig. 2. Air Circulation when Cooling 
WITH Low Supply and Return Openings 



Fig. 3. Air Circulation when Cooling 
WITH High Supply Opening and 
Low Return Openings 



Fig. 4. Section Through an Elemental 
Mechanical Warm Air Heating- 
Cooling System. The Attic 
Fan is Alternative 


If the return ducts of a mechanically operated warm air system are 
adequate, appreciable cooling may be accomplished as follows : The fan 
outlet must have a by-pass leading to a basement window or to a chimney 
provided for the purpose and the return duct must have an alternative 
shaft opening into the highest part of the house. At night, in summer, the 
fan may be operated to exhaust the hot air from the top of the house by 
the return air duct just described and the fan will blow this heated air out 
of doors through the window, or preferably, of course, through the 
chimney. The cooler night air must then enter the house through the 
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windows, and by its motion and temperature will extract the heat from 
the walls and furniture. The cost of power for such cooling should be 
carefully checked against operating with a much smaller volume of air 
mechanically cooled. 

Fig. 3 shows the air circulation when cooling with a high supply opening 
and a low return opening. The air circulation, when heating, will be 
substantially the same as when cooling. Fig. 4 shows a section through 
an elemental mechanical warm air heating-cooling system. The attic plan 
is alternative. Summer night cooling may, of course, be accomplished 
by placing an exhaust fan in the attic. 

SPLIT SYSTEMS 

Many buildings which are heated by radiators or convectors and which 
have rooms requiring ventilation or cooling have air supply and exhaust 
systems independent of the radiators or convectors. Such installations 
are termed split systems. When the air enters a room through conventional 
side wall inlets an occupant may feel comfortable if the air is about the 
temperature of the room, but the introduction of too cool air may cause a 
feeling of draft. To correct this draft condition, glass chutes and elabor- 
ate diffusers are sometimes provided. The arrangement shown in Fig. 5 
for supplying cool air to a room provides satisfactory air circulation in 
spaces up to 400 sq ft in area with ceilings as low as 8 ft. There is no 
maximum ceiling limitation as to height. 

When the room in question is provided with a unit ventilator which 
obtains its air supply directly through the wall from out of doors, the 
distribution with a high velocity air jet passing in an upward direction 
is quite satisfactory. 

The use of unit air conditioners for summer cooling introduces no new 
features or difficulties which have not already been encountered in winter 
heating. Conditioners must be provided with positive control by means of 
valves or dampers, or both, which will prohibit any sudden and wide tem- 
perature variation, and keep the entering air not more than approxi- 
mately 7 deg cooler than the air already in the space. This temperature 
margin is dependent on various factors including the ceiling height of the 
room and the velocity of the air at the discharge grille. 

SCHOOL BUILDINGS 

The air distribution conditions In school building classrooms are not 
unlike those illustrated in Fig. 1 for mechanical warm air systems and 
those in Fig. 6 for unit ventilator equipped plants. School rooms which 
have center-ceiling inlets along the lines of Fig. 5 have given excellent 
results. It is important that the temperature of the entering air, whether 
this air be supplied by a local unit ventilator or by a distant central fan, 
be controlled so that the air cannot enter the room from a side-wall inlet 
or from a unit ventilator at a temperatiure more than a very few degrees 
cooler than that of the air already near the ceiling of the room. 

Fig. 7 shows a section through a room equipped with a unit air con- 
ditioner or unit cooler. This is typical of the condition in effect when any 
recirculating room-cooling unit is installed. 
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Most unit ventilators employ a unique method of air distribution. Its 
principal feature is that the air is discharged at a high velocity toward the 
ceiling, with the jet inclined slightly toward the room in order to dis- 
tribute the air over the ceiling. In designing a unit ventilator installation 
great pains should be taken that nothing will interfere with the operation 
of this jet. For this reason unit ventilators should never be installed 
where there is a beam on the ceiling running at right angles to the direction 
of the air jet. If ceiling beams cannot be avoided, the unit ventilator 
should be placed to discharge parallel to the beams. 



Fig. 5. Section Through a 
Radiator-Heated Room 



Fig. 6. Section Through a Unit Venti- 
lator-Equipped Room when Heating 



Fig. 7. Section Through a Unit Con- 
ditioner Equipped Room when Cooling 


Corridor 



School Ventilated by a Central Fan 


In Fig. 8 the cloakroom ceiling is furred down so as to conceal the metal 
air supply duct, which is close to the ceiling. The air for ventilation 
usually is controlled by a duct thermostat near the fan, at a temperature 
slightly higher than the temperature required in the room, to allow for 
heat losses in the duct system. 


THEATERS 

Theaters are usually ventilated or cooled by introducing precon- 
ditioned air. No ventilating system for a theater should be given con- 
sideration without definite provision for cooling. Theater cooling 
generally is far more important than theater heating. There are two 
widely different methods of theater air distribution, the downward and the 
upward. 


320 




Chapter 19 — Air Distribution 


Downward System 

Theaters usually are equipped with downward air distribution with 
horizontal diffusion of the entering cool air so as to combine it, both as to 
temperature and dilution, with the heated air which inevitably must rise 
from the bodies of the patrons. The waste or the recirculated air is with- 
drawn from the room at the floor. If the theater is large, and if the 
exhaust openings are placed in the side walls at the floor, drafts may be 
felt by the people who sit near the openings. There is no objection, how- 
ever, except that of cost, to the use of small exhaust openings under each 
seat. These may be cleanable floor grilles or may have mushroom covers. 

In a downward system, if the entering cool air is not deflected hori- 
zontally, it will fall through the surrounding much hotter air, and will 




Fig. 9. Section Through a Theater 
WITH Downward Ventilation 


Fig. 10. Theater with Upward System 
of Ventilation 


reach high velocities by the time it strikes the heads of the occupants. 
Air at a temperature 10 deg below that of the surrounding air is decidedly 
objectionable when forced over one’s head at a velocity of nearly 400 fpm. 

Fig. 9 shows a section through a theater with downward ventilation. 
The deflectors cause the entering cool air to be spread horizontally so that 
it wdll mix with the hotter air. The final escape is through well-distributed 
openings in the floor. There have been cases in which the downward 
system of air distribution such as that illustrated in Fig. 9 gave trouble 
due to overheating at the rear, both above and below the balcony, 
especially when not provided with refrigeration for cooling, and when not 
adequately controlled. It is especially necessary that adequate removal 
of the heated air be provided at these low-ceiling points and it is probable 
that auxiliary exhaust at or through the ceiling after the manner of the 
arrangements shown in Fig. 5 would be helpful. 

Upward System 

If no inlet openings are possible in the ceiling, the upward system may 
be the less objectionable alternative. Fig, 10 shows a section through a 
theater with the upward system of air distribution. The occupants often 
suffer from drafts due to the cool air which comes from the unoccupied 
zones. 

When the entire seating area is occupied, the upward system gives 
little trouble when cooling, and since very little heating is required under 
such conditions, practically no difficulty is encountered. The maximum 
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volume of air to be introduced with the upward system is about 25 cfm 
of air per person at a low velocity, say at 150 fpm (linear), and at a tem- 
perature not more than 6 deg below the room temperature. For partial 
occupancy, higher entering air temperatures can be used with corre- 
spondingly less danger from drafts. 

VANES 

In order to cause the supply air to a room to take a fixed or desired 
direction when leaving the inlet opening of a flue, stationary vanes may 
be provided at both the back of the grille and at the grille to direct the air 
flow. Fig. 11 shows a section through a room inlet opening at the top of a 
rising flue and indicates the air conditions when no vanes are used. 
Fig. 12 shows a section through the same room inlet opening when vanes 
are advantageously placed to direct the flow of air. 




Fig. 11. Am Conditions at Inlet Fig. 12. Am Conditions at Inlet 

Opening at the Top of a Rising Flue Opening at the Top of a Rising Fll’e 

WHEN no Vanes are Used when Directional Vanes are Used 


In many theater and commercial installations the ejector-like action 
of high-velocity air emerging from a duct is taken advantage of, and 
scientifically proportioned nozzles are installed to cause definite recircu- 
lation of the room air. 


PROBLEMS IN PRACTICE 

1 • Is the conventional warm air system, employing floor or baseboard supply 
registers, suitable for heating and cooling? 

Floor or baseboard supply registers are suitable for heating service because the natural 
tendency of warm air is to rise. They are not suitable for cooling because the natural 
tendency of cool air is to stay near the floor and gradually work its way to the return 
registers, thus not cooling the air in the upper part of the room. See Figs. 1 and 2. 

2 • What type of air distribution system is suitable for heating and cooling a 
home? 

In order to provide satisfactory cooling without drafts it is necessary to discharge the 
air at relatively high velocity toward' the ceiling from a high point, as shown in Fig. 3. 
If the raster is properly designed and the air capacity is limited to approximately 
400 cfm, the cool air will mix with the air in the room before it drops to the occupied zone. 
However, care must be taken that discharged air does not impinge on beams which would 
cause the cool air to be deflected downward- This anrangenient is also satisfactory for 
heating. 
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3 • Why is the conventional low velocity side wall inlet unsatisfactory for 
cooling purposes? 

With the conventional side wall inlet using velocities of 300 to 400 fpm the discharged 
air quickly loses its velocity and drops, causing drafts in the occupied zone. 

4 • hat method of side wall introduction is satisfactory for cooling purposes 
with a 12-ft ceiling height? 

The method shown in Fig. 3 can satisfactorily circulate air as much as 10 to 15 F below 
r(^m temperature, provided ( 1 ) each jet is limited to 400 cfm, ( 2 ) the outlet velocity is 
high, (3) the air is directed toward the ceiling, and (4) there are no beams on the ceiling. 
In order to employ this method in a classroom it is usually necessary' to have at least 
three inlets, but even with three inlets the cooling capacity is limited to that obtained 
by circulating air at 10 to 15 F below room temperature. 

5 • Should unit ventilators be considered as heating units or as cooling units? 

Experience has shown that approximately 75 per cent of the time a classroom is occupied 
the problem is one of cooling rather than one of heating. For this reason unit ventilators 
should be considered as cooling units. 

6 • What method of air distribution is usually employed with unit ventilators? 

Most unit ventilators employ a unique method of air distribution in which the air is 
discharged at a high velocity toward the ceiling. The air stream is usually inclined 
toward the room. 

7 • How should a unit ventilator be located in a room that has ceiling beams? 

When there are ceiling beams the unit ventilator should be so located that the beams will 
be parallel with the direction of the air discharge in order that the beams will not deflect 
the air downward. 

8 # Wbat is the minimum temperature at which unit ventilators can distribute 
air in a classroom without causing drafts? 

Generally speaking, the lowest minimum discharge temperature at which objectionable 
drafts will not be created is 60 F. Some designers suggest that the discharge temperature 
can drop as low as 35 F below the room temperature without causing drafts when 
units are prop>erly installed. 

9 # What is the usual method of ventilating school auditoriums and gym- 
nasiums when unit ventilators are used in the classrooms? 

If unit ventilators are used in clas^ooms the usual method of ventilating the auditorium 
or gymnasium is to use one or more large units located above and on either side of the 
stage. 

10 • What is the maximum amount of air which should he discharged from one 
point in a school auditorium or gymnasium? 

The maximum amount of air which should be discharged from one point is 5000 cfm. 
This limitation applies whether the air is supplied by units or by a central fan from a 
distant point. 

11 • Are vents required in school classrooms, auditoriums, and gymnasiums? 

With both the unit and the central fan S37Stems, vents are usually installed as a certain 
and positive m^ns of disposing of the vitiated and odoriferous air and also, with the 
central fan system, for the further purpose of effecting a meajis of partial recirculation. 
Natural outward air leakage may take the place of vents, if and when it proves sufficient, 
but it is usually uncertain, insufficient, and uneconomical. Vents are r^uired by law 
in some communities. If they are installed, they should be provided with dampers in 
order that they may be throttled when required and closed at night and during holidays. 

12 • What type of ^stem is g®a«rally used in large continuously operated 
theaters? 
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Most large continuously operated theaters are provided with complete downward 
systems of air distribution similar to the one shown in Fig. 9. With this system a large 
number of inlet openings is provided, each of which discharges air in a thin horizontal 
stream at high velocity in order that the cool air will be mixed with the air in the theater 
before it reaches the patrons. 

13 • What system of air distribution is frequently used in smaller theaters? 

The system used, particularly where artificial cooling is had, brings air in at high velocity 
through a large number of small horizontal nozzles located in the rear of the auditorium 
near the ceiling. This high velocity air mixes with a much larger quantity of air and 
causes circulation within the theater before it comes into contact with the occupants. 
With this method care must be exercised not to discharge the air against ceiling beams or 
projections which may give a downward direction to the cool air before it is thoroughly 
diluted. 
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. AIR RIJCT DESIGN 

Pressure Losses^ Friction Losses, Friction Loss Chart, Proportioning 
the Losses, Sizes of Ducts, General Rules, Procedure for Duct 
Design, Air Velocities, Proportioning the Size for Friction, Main 
Trunk Ducts uith Branches for Public Buildings, Equal Friction 
Method, Details of Duct Construction 

T he flow of air due to large pressure differences is most accurately 
stated by thermodynamic formulae for air discharge under condi- 
tions of adiabatic flow, but such formulae are complicated, and the error 
occasioned by the assumption that the gas density remains constant 
throughout the flow may be considered negligible when only such pressure 
differences are involved as occur in ordinary heating and ventilating 
practice. 

In the development of the formulae, diagrams, and tables for the flow 
of air, use is made of the following basic equation for the flow of fluids : 

If Hv be the velocity head in feet of a fluid, and the velocity, F, be expressed in feet 
per minute, the fundamental equation is 

V = 60 •^2g Hv 

The factor g is the acceleration due to gravity, or 32.16 ft per second per second. 

It is usual to express the head in inches of water for ventilating work and, since the 
heads are inversely proportional to the densities of the fluids, 

_ 62.4 

hy p 

12 

or 

= 5-2 — 

P 

therefore, 

V = 1096.5 (1) 

where 

V — velocity in feet per minute. 

= velocity head or pressure in inches of water, 
p = weight of air in pounds per cubic foot. 

For standard air (70 F and 29.92 in. barometer) p = 0.07495 lb per cubic foot. Sub- 
stituting this value in Equation 1 : 
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Fig. 1. Curve Showing Loss of Pressure in Round Elbows 

The drop in pressure in air distributing systems is due to the dynamic 
losses and the friction losses. The friction losses are those due to the 
friGtion of the air against the sides of the duct. The dynamic losses are 
those due to the change in the direction or in the velocity of air flow. 

Dynamic Losses 

Dynamic losses occur principally at the entrance to the piping, in the 
elbows, and wherever a change in velocity occurs. The entrance loss is 
the difference between the actual pressure required to produce flow and 
the pressure corresponding to the flow produced; it may vary from 0.1 to 



Fig. 2. Curve Showing Loss of Pressure in Square Elbows 
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0.5 times the velocity head. The pressure loss in elbows must also be 
allowed for in the design. It is customary to express dynamic losses in 
terms of the percentage of the velocity head; in other words, the per- 
centage of that pressure corresponding to the average velocity in the duct 
which is expressed in terms of inches of water gage. Figs. 1 and 2 show 
the effect of changing the radius of elbows of square and rectangular 
section. These charts are based on tests of pipe elbows of ordinary good 
sheet metal construction. For example, a five-piece round pipe elbow 
having a centerline radius of one diameter has a loss of about 25 per cent 
of the velocity head. At a velocity of 2000 fpm the corresponding head 
is 0.25 in, water gage, and at this velocity the elbow just referred to would 
cause a pressure drop .of 0.063 in. water gage. Experience has shown that 
good results may be obtained when the radius to the center of the elbow 
is 1J4 times the pipe diameter. The pressure drop will then be approxi- 
mately 17 per cent of the velocity head for round ducts, and 9 per cent 
for square ducts. Very little advantage is gained in making elbows with 
a radius of more than two diameters. 


Friction Losses 

Friction losses vary directly as the length of the duct, directly as the 
square of the velocity, and inversely as the diameter. Since length is a 
fixed quantity for any system, the factors subject to modification are the 
area and the velocity, which determine the relation between the first cost 
of the duct system and the cost of the power for overcoming friction. 

The friction between the moving air and pipe surface causes a loss of 
head which is numerically equal to the pressure required to maintain a 
given velocity, and is express^ in the following modification of Fanning’s 
formula : 

For round pipe and standard air (70 F and 29.92 in. barometer) 

^ CD (4605) 

For rectangular ducts 

where 


JtL — loss of head, inches of water. 

( V \2 

~ velocity head, inches of water. 

V = velocity of air, feet per minute. 

L ~ length of pipe 

D = diameter of p^ ‘ all in feet. 

a, b ^ sides of rectangular duct 
/ = coefficient of friction, 

C =-j- length of pipe in diameters for one head loss. 


For all practical purposes C varies only with the nature of the pipe 
surface: C = 60 for perfectly miooth pipe; = 55 for pipe as used in planning 
mill exhaust systems; = ^ for heating and ventilating ducts; = 45 for 
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smooth and 40 for rough conduits of tile, brick or concrete. However, 
Fritzsche states (and numerous tests check very closely) that / varies 
inversely as the 2/7 power of the pipe diameter, and inversely as the 1/7 
power of the velocity, or inversely as the 1/7 power of capacity, which is 
the same thing. Thus Formula 3 may be revised as follows, based upon a 
loss of one velocity head (at 2000 fpm) in a length equal to 50 diameters 
of 24rin. galvanized swedged pipe: 

/iL 1.1 (4005) 

The preceding formulae are based on standard air, and for other con- 
ditions the friction varies directly as the air density and inversely (ap- 
proximately) as the absolute temperature. The increase of friction due 
to increase of air viscosity with increased temperature is small and is 
generally neglected. 

Friction Loss Chart 

Fig. 3 is a convenient chart for determining the friction loss for various 
air quantities in ducts of different sizes. The general form of this chart is 
familiar, but it should be noted that it is corrected for changes in 
the coefficient of friction based on the rule that the coefficient of friction 
varies inversely as the 2/7 power of the diameter, and inversely as the 
1/7 power of the velocity. Fig. 3 is based on a loss of one velocity head 
(at a velocity of 2000 fpm) in a length equal to 50 diameters of 24-in. 
round galvanized-iron duct of the usual construction. Although this 
chart is laid out for a value of C equivalent to 50, it may be used for other 
values of C by varying the friction inversely as this constant. For ex- 
ample, if a rougher pipe is used with 40 as the value of C, the friction loss 

50 

as read from the chart should be multiplied by 

Example 1, Assume that it is desired to pass 10,000 cfm of air through 75 ft of 24-in. 
diameter pipe. Find 10,000 cfm on the right scale of Fig. 3 and move horizontally left to 
the diagonal line marked 24-in. The other intersecting diagonal shows that the velocity 
in the pipe is 3200 fpm. Directly below the intersection it is found that the friction per 
100 ft is 0.59 in.; then for 75 ft the friction will be 0.75 X 0.59 = 0.44 in. In a like man- 
ner any two variables may be determined by the intersection of the lines representing 
the other two variables. 

Proportioning the Losses 

Other losses of pressure occur at the entrance to the duct, through the 
heating units, and at the air washer. In ordinary practice in ventilation 
work it is usual to keep the sum of the duct losses M to 34 the loss 
through the heating units at less than 34 of the static pressure. The 
remainder is then available for producing velocity. In the design of an 
ideal duct system, all factors should be taken into consideration and the 
air velocities proportioned so that the resistance will be practically equal 
in all ducts regardless of length. 

DUCT SIZES 

The sizes of ducts and flues for gravity or mechanical circulation of air 
are usually based on the losses due to friction, and these losses must be 
kept within the available pressure difference. This pressure difference in 
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mechanical ventilation is that derived from the fan, while in gravity 
ventilation the aspirating effect due to the temperature and height of the 
column of heated air causes the pressure difference. 

General Rules 

The general rules to be followed in the design of a duct system are : 

1. The air should be conveyed as directly as possible at reasonable velocities to obtain 
the results desired with greatest economy of power, material and space. 

2. Sharp elbows and bends should be avoided. 

3. The sides of all ducts or flues should be as nearly equal as possible. (In no case 
should the ratio between long and short sides be greater than 10 to 1.) 

Procedure for Duct Design 

The general procedure for designing a duct system is as follows: 

1. Study the plan of the building and draw in roughly the most convenient system of 
ducts, taking cognizance of the building construction, avoiding all obstructions in steel 
work and equipment, and at the same time maintaining a simple design. 

2. Arrange the positions of duct outlets to insure the proper distribution of heat. 

3. Divide the building into zones and proportion the volume of air necessary to 
supply the heat for each zone. 

4. Determine the size of each outlet, based on the volume as obtained in the preceding 
paragraph, for the proper outlet velocity. 

5. Calculate the sizes of all main and branch ducts by either of the following two 
methods: 

a. Velocity Method. Arbitrarily fix the velocity in the various sections, reducing the 
velocity from the point of leaving the fan to the point of discharge to the room. In 
this case the pressure loss of eadi section of the duct is calculated separately and 
the total loss found by adding together the losses of the various sections. 
h. Friction Pressure Loss Method. Proportion the duct for equal friction pressure 
loss per foot of length. 

6. Calculate the friction for the duct offering the greatest resistance to the flow of 
air, which resistance represents the static pressure which must be maintained in the fan 
outlet or in the plenum space to insure distribution of air in the duct system. The duct 
having the greatest resistance will usually be that having the longest run, although not 
neces^rily so. 

Air Velocities 

The following velocities of air are considered standard for public 
buildings: 

1. Through the outside air intakes, 1000 fpm. 

2. Through connections to and from heating unit, 1000 to 1200 fpm. 

3. Through the main discharge duct, from 1200 to 1600 fpm. 

4. In branch ducts, 600 to 1000, and in vertical flues, 400 to 800 fpm. 

5. In registers or grilles, 200 to 4(X) fpm depending upon the size and location. If 
diffusers of proper design are used, 25 per cent higher air velocities are permissible. 

These duct velocities may safely be increased 20 per cent if first-class 
construction is used to prevent any breathing, buckling, or vibration. 
High velocities at one point in the system neutralize the effect of proper 
design at all other points; hence the importance of splitters in elbows and 
similar precautions. For industrial buildings noise is seldom considered, 
and main duct velocities as high as 2800 or 8000 fpm may be used where 
conditions will permit. For department stores and similar buildings, 
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maximum velocities with good construction and design may be as high 
as 2000 or 2200 fpm in main ducts, with suitable reduction in branches 
and outlets. With these velocities first-class duct construction is essential. 

Proportioning the Size for Friction 

By means of Figs. 4 and 5 the diameter of branch pipes necessary to 
carry a given percentage of the total air in the main pipe and to maintain 
equal friction per foot of the length through the entire system may be 
determined. These charts, as w^ell as Fig. 3, are based on the assumption 
that the coefficient of friction varies inversely as the 1/7 power of the 
capacity. 

Example 2. Suppose a 60-m. main pipe is to be used, and it is desired to know the 
size of branch pipe required to carry 50 per cent of the total air in the main. Find 50 
per cent at the left of the chart, move right to the 60-in. diagonal line and note directly 
above at the top of the chart that the branch pipe will be 46.5 in. in diameter. 

Where rectangular ducts are used it is frequently desirable to know the 
equivalent diameter of round pipe to carry the same capacity and have 
the same friction per foot of length. Table 1 gives directly the circular 
equivalent of rectangular ducts for equal friction and capacity. To 
obtain the size of rectangular ducts for different capacities, but of the 
same friction per foot of length, first obtain the equivalent round pipe for 
equal friction. Thus, if a branch of sufficient size to carry 30 per cent of 
a 12 X 36-in. pipe is desired, it is found from Table 1 that the main is 
equivalent to a 22.2-in. diameter round pipe. From Fig. 5, 30 per cent of 
this is a pipe 14.3 in. in diameter, and referring again to Table 1, the 
rectangular equivalent branch is a 12 x 14-in., 10 x ITj^-in., or any other 
desirable combination. 

Multiplying or dividing the length of each side of a pipe by a constant 
is the same as multiplying or dividing the equivalent round size by the 
same constant. Thus, if the circular equivalent of an 80 x 24-in. duct is 
required, it will be just twice that of a 40 x 12-in. duct, or 2 X 23.3 = 
46.6 in. 

DUCTS FOR PUBLIC BUILDINGS 

A main duct with branches is generally used to convey tempered air 
for ventilation purposes only. In place of individual ducts, a compara- 
tively large main duct supplies air by branches to the room or rooms. The 
velocities vary according to the nature of the installation and the degree of 
quietness required. At the start of the run a velocity as high as 2000 fpm 
may be used, but this is considered the maximum for public building 
work, and is reduced to from 400 to 800 fpm in the risers. This duct system 
may be designed so that the loss of pressure in the branches is equalized in 
a manner similar to that previously described. 

E<|ual Friction Method 

Example 5. Fig. 6 shows a typical layout of an air distribution system which is 
applicable for ventilation of hotel dining rooms and offices. 

The volume of air in cubic feet per minute for the room is determined on the basis of 
the number of air changes per hour required. In the example shown, the room ventilated 
is a hotd dining room 135 ft x 85 ft x 15 ft. ^ A 7 34-minute air change (8 air changes per 
hour) is assumed for proper ventilation, giving 22,935 cfm as the air required. 

22 935 

The clear area of the fresh air inlet is based on a velocity of 1000 fpm or ^ = 
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Table 1, Circular Equivalents of Rectangular Ducts for Equal Friction^ 



aAddltional sizes: 4X6- 4.9; 4 X 6 « 5.4; 4 X 7 « 5.8; 6 X 5 » 6.5; 6 X 6 - 6.3; 6X7 









Table 1. Circular Equivalents of Rectangular Ducts for Equal FRicTiON—(Continued) 
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Fig. 6. Typical Layout of Air Distribution System 
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22.94 sq ft. If the air washer is provided wdth automatic humidity control, the tempering 
coil should raise the temperature of the entering air to 32 F. The washer with its auto- 
matic control will then raise the temperature from 32 F to 42 F. If the washer is not 
provided with automatic humidity control, the tempering coil must raise the temperature 
of the entering air to at least 55 F to allow for some temperature drop in the washer due 
to evaporation. The reheating coil is selected to raise the temperature of the air from 
that leaving the air washer to 70 F. The air washer should have a maximum velocity of 
500 fpm through the clear area, which, in this case, is 46 sq ft. For more detailed infor- 
mation on tempering coil and air washer control, see Chapters 23 and 14. 

Since the plan shows a moderately short run of main duct with no risers near the fan 
outlet, a fan should be selected which will have the required capacity of 22,935 cfm with 
a maximum velocity through the fan outlet of 1400 fpm. The outlet area, therefore, 
should be 16H sq ft. 


Table 2. Pipe Sizes for Example 3^ 


VoLtrsix 

OF Ais 
(CFMj 

Peb Cent 

OF Total 

VoLtntE 

Diameter of 

Pipe 

} (Inch^) 

Equivalent Size of 
Rectangular Duct 
(Inches) 

22,935 

100.0 

^ 56 

60x44 

12,510 

54.6 

45 

58 X 30 

10,425 

. 45.4 

! 42 

50 X 30 

8,340 

! 36.3 

! 39 ! 

! 42 X 30 

6,255 

i 27.2 

■ 35 

42 X 24 

4,170 

1 18.2 

29H 

30 X 24 

2,085 

i 9.1 

23 

1 30x 15 


aVdocity through diffusers (not shown) to be approximately 300 fpm. 


The main pipe size should be selected to give a velocity equal to or less than the 
velocity at the fan outlet. Choosing a 56-in. pipe with a cross-sectional area of 17.1 sq ft, 
the velocity in the main pipe will be 1340 fpm. Using the friction pressure loss method 
this 56-in. main pipe will be taken as the basis of calculation. 

Fig. 6 shows the amount of air to be handled by each section of pipe. Expressing the 
volume handled by each section as a percentage of the total volume and using the charts, 
Figs. 4 and 5, the pipe sizes are as shown in Table 2. 

The pressure at the outlets nearest the fan will be greater than at the pipes farther 
along the run so that the former will tend to deliver more than the calculated amount of 
air. To remedy this condition, volume regulating dampers should be located at the base 
of each riser and adjusted for proper distribution. At points where branches leave the 
main it may be advisable, depending upon the nature of the installation, to install 
adjustable splitters similar to that shown in Fig. 6 where the main duct divides into the 
58 in. X 30 in. and 50 in. X 30 in. branches. 

The rectangular equivalents are selected from Table 1 ; the width to depth proportion 
will be determined by construction requirements and ease of fabrication. The calcu- 
lation of the friction is as follows: 

The longest run from the fan outlet to diffuser is 150 ft 0 in.; 150 ft of 56-in. pipe is 


equivalent to — -.32.2 dia. 

45 

Two 45-m., 90-d^ elbows (2 X ^ X 10) 16.1 dia. 

OQ 

Two 23~in., 90-d^ elbows (2 X gg X 10) — 8.2 dia. 

23 

Two 23-m., 90-d^ elbows in riser (2 X gg X 30) 24.7 dia. 

(Two bad elbows in riser, each equivalent to 30 diameters of duct). 

Total diameter of 56-m. pipe 81.2 
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The velocity head corresponding to a velocity of 1340 fpm is 



0.112 in. 


Taking 50 diameters as one head loss, then 


81.2 

50 


X 0.112 = 0.182 in. static loss in duct. 


Where the connection pieces are made with long easy slopes and the general work- 
manship is good, a regain in static pressure may be deducted from the foregoing pressure 
loss. This can be taken as approximately two-thirds the difference in velocity pressures 
at the fan outlet and the last run of pipe. The velocity in the riser is 667 fpm with a 
corresponding velocity pressure of 0.033 in. The fan outlet velocity is 1400 fpm with 
a corresponding velocity pressure of 0.122 in. The regain equals % (0.122 — 0.033) 
— 0.059 in. 


The net static pressure loss in the duct only is then : 

0.182 in. - 0.059 in 0.123 in. 


Other friction losses are as follows: 

(1) Fresh air intake 1000-fpm velocity (IJ^ heads X 0.0625) 0.094 in. 

(2) Tempering coil loss (from manufacturer’s tables) 0.100 in. 

(3) Air washer loss (from manufacturer’s tables)... 0.250 in. 

(4) Reheating coil loss (from manufacturer’s tables)™ 0.100 in. 

(5) Allowance for regulating dampers and diffusers 0.100 in. 


Static pressure loss of system 0.767 in. 

The fan should be selected from the manufacturer’s ratings which, according to the 
Standard Test Code for Disc and Propeller Fans, Centrifugal Fans and Blowers^, will 
deliver 22,935 cfm at a static pressure of 0.767 in. and which has an outlet area of 16H 
sq ft. 

The method of design used in Example 3 is the equal friction method 
described under the heading Procedure for Duct Design. This involves 
the arbitrary reduction of velocity from the fan outlet to the point of 
discharge to the room, and the friction is calculated by adding the pressure 
loss^ of each section of duct. This method requires dampering in the 
risers. 

Example 4- Fig. 7 shows an exhaust system layout for exhausting from buildings of 
the same type as in Example 3. Assume the air requirements based on the number of 
air changes per hour to be 16,800 cfm. Using a velocity of 1400 fpm in the main duct at 


Table 3. Pipe Sizes for Example 4^ 


Volume 
or Am 
(ctm) 

Pee Cent 
or Total 

Volume 

Diambtbe or 

Pipe 

(Inches) 

Equivalent Size of 
Rectangulae Duct 
(Inctes) 

16,800 

100.0 

47 

38x48 

11,550 

68.8 

41 

30x46 

9,450 

56.2 

38 

30x40 

5,250 

31.3 

31 

24x34 

4,200 

25.0 

28.5 

24 X 28 

3,150 

18.8 

25.3 

16x34 

2,100 

12.5 

21.6 

16x24 


aVdodty through intake grilles (not shown) to be approximately 400 fpm. 


^See Chapters 17 and 41. 
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Fig. 7. Exhaust System Layout 


the fan inlet, which is an average velocity for this type of system, the area of the main is 
12 sq ft, which corresponds to a 47-in. pij^. Referring to Example 3, and using the 
charts, Figs. 4 and 5, the pipe sizes are as indicated in Table 3. 

All risers will require dampering as in Example 3. The calculation of the friction 
is as follows: 

The longest run from the intake grille to fan inlet is 100 ft. 

/lOO X 12^ 

(1) Duct friction 100 ft of 47-in. pipe ^ — j 25.6 dia. 


2 X 28.5 X 30 ' 


( 2 X 28 5 
^ 


(Two bad elbows in riser each equivalent to 30 diameters of duct). 

. , . , /28.5 X 12\ 

One 28H-in., 90-d^ elbow m horizontal run I J 


/1400\2 

Velocity head corresponding to 1400 fpm is ( 


Taking 50 diameters as one head loss, then 


36.4 dia. 


6.0 dia. 


Total diameter of 47-in. pipe — bS.O dia. 


^ X 0.166 in. 

50 


(2) Intake loss from grille (IH heads at a 400 fpm velocity IK X 0.01) 0.015 m. 

(3) Static pressure required to produce one velocity head at 1400 fpm — 0.122 in. 

(4) Loss occasioned by step-up of v^ocity (0.20 X 0.1^) 0.024 in. 

(This loes varies from 0.05 to 0.40 velocity bead depending upon the nature of the change. 

For average systems 0.20 velocity head is a dose approximation.) 


Static pressure loss on inlet side.. 
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Fig. 10. Method OF Installing 
Heating Unit 



Fig. 12. Fan Discharge Connection 


Fig, 11. Installation of Easement 
IN Duct Around Obstruction 
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To this must be added the resistance on the discharge side of the fan. A fan outlet 
velocity of approximately 15W to 1600 fpm may be used. Assuming the fan outlet to 
be equivalent in area to a 45-in. pipe, the velocity is 1525 fpm. 

Loss on discharge (15 ft from fan outlet to discharge): 


15 X 12 
45 


4 diameters of 45-in. pipe. 


The velocity head corresponding to a velocity of 1525 fpm is 0.145 and the discharge- 
0 145 X 4 " 

side loss is = 0.012 in. The total static pressure loss of the system is then: 

0.012 -L 0.327 = 0.339 in. 

The fan will be selected to handle 16,800 cfm at a static pressure of 0.339 in. and 
to have an outlet velocity of 1525 fpm. Outlet area 11 sq ft. 

Where there are one or more ducts with branches, the velocity of air in 
the ducts may be either chosen arbitrarily or calculated for friction losses. 
When arbitraiy^ values are assigned, a certain amount of dampering 
should be provided for; this will be small when the method chosen permits 
a drop in velocity as the quantity of air is reduced. 

After the total air quantity and the size of fan are ascertained, the main 
duct is usually fixed as being at least equal in area to the fan outlet, or 
perhaps 10 per cent greater. From this main pipe all others are propor- 
tioned. For example, if the main duct is 30 in. in diameter, a branch to 
carry 10 per cent of the total capacity should be 12.7 in. in diameter (see 
Fig. 4) in order to have the same friction per foot of length, while one 
carrying one-half the total capacity of a 30-in. main with the same friction 
loss per foot would be 23.4 in. in diameter. By this method of equalizing 
friction it is unnecessary to consider the resistance of each section of pipe 
independently, but only to know the distance from the fan outlet to the 
end of the longest run of pipe, the number and size of elbows, and the 
diameter and velocity in the largest pipe. 

Example 5. If the greatest length of piping in a system is 130 ft with a 26-in. diameter 
main pipe and one 20-in. elbow, the piping having been designed for equal friction per 
foot of length, the friction would be the same as for 130 linear feet of 26-in. pipe, or 
60 diameters. To this should be added the friction loss in elbows, in this case one 20-in. 
elbow, which has a loss equivalent to one-fifth of a velocity head or ten diameters of 
20 

20-in. pipe. This in turn is 7^ X 10 = 7.7 diameters of 26-in. pipe. The total equivalent 

length of the system will then be 60 4- 7.7, or 67.7 diameters. Since 50 diameters is 

67 7 

equivalent to one velocity head, the loss is =' = 1.35 times the velocity head. If 

oU 

the velocity is, for example, 2200 fpm, corresponding to 0.3-in. pressure, the friction loss 
of the system will be 1.35 X 0.3 = 0.405 in. 

Frequently the prevention of sound in a heating or ventilating system 
imposes more severe restrictions than the prevention of excessive pressure 
drop. This question is highly involved and requires consideration of 
many factors. The air velocities to be used will vary with the standard of 
construction used in the ducts themselves as well as with the nature of the 
occupancy and the construction of the building. In general, architects 
and engineers who leave the details of duct construction to the contractor 
must, of necessity, design for lower velocities than might be required for 
quiet operation if proper construction details were always followed. The 
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Fig. 13. Air Splitters Fig. 14. Air Splitters In- 
Installed IN Elbow stalled in Elbow at Fan 

Discharge 



Fig. 15. Air Splitters 
in Branch Ducts and 
Elbows 


contractor may be expected to build the ducts by the least expensive 
methods, and the engineer must anticipate this. For further information 
on noise reduction, see Chapter 18. 

Details of Duct Construction 

If panel construction is used with standing seams or similar reinforce- 
ment, and the panels are cross-broken to give rigidity, there is less like- 
lihood of vibration due to air flow, or deflection due to air pressure. 
Elbows made without splitters, and improperly shaped transformation 
sections produce high local velocities which are the cause of noise in duct 
work. The use of first-class duct construction with well-designed trans- 
formation sections and splitters in elbows tends to maintain relatively 
uniform velocities with decrease in turbulence and in the noise produced. 

Figs. 8 to 15 show acceptable construction details for rectangular 
ducts, elbows, transformation pieces or connections, and air splitters. 
Other methods are also acceptable, such as the use of angle iron stiffeners 
for large ducts. Good construction is essential to the elimination of duct 
noises and for the prevention of a flimsy installation. 

Fig. 8 is an isometric view of a duct showing the location of the 
stiffening seams on the top and side panels. The cross seams should not 
occur at the same place but should be staggered as indicated. Heating 
units should be installed as shown in Fig. 10 with the duct connections 
making an angle of not less than 45 deg, but preferably 60 deg. Fan dis- 

Table 4. Sheet Metal Gages for Rectangular Duct Construction^- 



WmTH oT Duct | 

Sbam 

RKEsyoacED Seam 

26 

Up to 12 in. 



24 

13 in. to 30 in. 

1 


22 

31 in. to 48 in. 

1 


22 

49 in. to 60 in. 


in. X 1% in. 

20 

61 in. to 90 in. 

04 

H in. X 1 % in. 


a If panels are not cross-broken two gages heavier material should be used. 
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charge connections should have a maximum slope of 1 in 7, as indicated in 
Fig. 12. Whenever a pipe or other obstruction passes through a duct 
an easement should be placed around the pipe as indicated in Fig. 11. 
Air splitters should be installed in elbows as shown in Figs. 13 and 14. 
The recommended gages for rectangular sheet metal duct construction are 
given in Table 4. 
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PROBLEMS IN PRACTICE 


1 • Why is it desirable to make elbows with a radius equal to one and one-half 
times the pipe diameter? 

Reference to Figs. 1 and 2 will show that 'while the loss of velocity head, as indicated by 
the curves, shows considerable variation for elbows between the range of 50 and 150 per 
cent radius, the line is practically straight after 150 per cent, indicating very little 
variation in loss of head for elbow^s of larger radius. 


2 • WTiat is the best shape to use for ducts? 

The shapes to be used in designing ducts, in the order of their preference, are round, 
square, and rectangular. 


3 • What determines which shape to use? 

Structural and space conditions. Because ducts are as a rule part of the building or 
structure, it is necessary to proportion their sizes to fit the spaces available. 

4 • What is meant by “arbitrarily fix the velocity in the various sections?” 

When using the velocity method as a basis for design, the maximum allowable velocity 
is fixed for the main supply duct at the fan, and this velocity is gradually decreased as 
each branch or outlet is taken off the main supply duct. 

5 • Which system of duct design is to be preferred, the velocity method or the 
friction pressure loss method? 

The friction pressure loss method can be used to advantage where no structural or 
building conditions limit the shape of the ducts. Where these limiting conditions exist 
the velocity method is to be preferred. 

6 • Are the grille sizes figured on the same basis as the outlets? 

The free area through the grilles is figured the same as the outlets, and this area is 
increased from ^ to 50 per cent, depending on the design of the grille, to allow for the 
loss of area caused by the construction of the face of the grille, 

7 • Where it is necessary to provide steel angle braces, how far apart ^ould 
they be spaced? 

Angle braces for large ducts should be placed on 3-ft 0-in. centers. 
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8 • How much air will a 10-in. by 24-in. duct handle if it is part of a system 
designed on a pressure drop of 0.1 in. per 100 feet of run? 

1450 cfm (Table 1 and Fig. 3|. 

9 • How" does a splitter at a duct junction influence the volume of the air going 
through each branch? 

A splitter facing the direction of air flow cuts off the air and deliv'ers the desired amount 
to the branch. 


10 # Why does a wide, shallow duct offer more resistance to the flow of air than 
does a square duct of equal cross-sectional area? 

The perimeter of the wide, flat duct is greater than that of the square-section duct, so the 
former has the greater frictional area which increases the resistance and thus reduces the 
volume at any given pressure. 


11 • What methods are used to keep large ducts from vibrating because of air 
pulsations, and from sagging because of their own weight? 

External bracing, such as standing seams, or structural shapes, like tees or angles, should 
be placed across the top and bottom. Exterior braces or cross buckling of metal sheets 
in diagonal panels may be used for the sides of large ducts. 

12 # What velocities of air flow should he used in the trunk ducts of a venti- 
lating system in a public building? 

From 1200 to 1600 fpm. 

13 # In a ventilating system in a residence, what is the recommended air 
velocity through supply registers and grilles? 

^00 fpm. 
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I]\T>USTRIAI. EXHAUST SYSTEMS 


TypeSy Design of Systems, Suction and Velocity Requirements, 
Design of Hoods, Design of Duct Systems, Collectors, Resistance of 
Systems, Selection of Fans and Motors 

E xhaust and collecting systems are found in almost every industry 
and are a vital adjunct in maintaining safe and hygienic conditions^. 
The present chapter attempts to give general information relating to the 
design of factory exhaust systems in order that efficient and economical 
control of dusts and fumes may be achieved. 

TYPES OF SYSTEMS 

There are two general arrangements, the central and the group systems. 
In the central system a single or double fan is located near the center of 
the shop with a piping system radiating to the various machines to be 
served. In the group system, which is sometimes employed where the 
machines to be served are widely scattered, small individual exhaust fans 
are located at the center of the machine groups. The group arrangement 
has the advantage of flexibility. 

Exhaust systems are also classified by the means employed to collect 
dust or other material handled. The dust or refuse may be collected and 
controlled by enclosing hoods, open hoods, inward air leakage, or by 
exhausting the general air of the room. 

With some classes of machinery it is not feasible to closely hood the 
machines and in these cases open hoods over or adjacent to the machines 
are provided to collect as much as possible of the dust and fumes. This 
class includes such machines as rubber mills, package filling machinery, 
sand blast, crushers, forges, pickling tanks, melting furnaces, and the 
unloading points of various types of conveyors. 

The open hoods should be placed as close to the source of dust or fumes 
as possible, with due regard to the movements of the operator. When the 
ho^ must be placed at some distance above the machine it should be 
large enough to encompass an area of considerable extent as diffusion is 
usually quite rapid. 

Consideration must also be given to the natural movement of the 
fumes. For those that are lighter than air the hood should be over or 
above the machine and where a heavy vapor or dust-laden air at ordinary 
temperature is to be removed, horizontal or floor connections are required. 
If it is attempted to remove heavy dust such as lead oxides by an over- 
head hood the conditions may be worse than if no exhaust were used at 


Criteria for Industrial ExhaiKt Systems, by J. J. Bloomfield (A.S.H.V.E. Journal Section, Heating, 
Piping and Air Conditioning, Jvdy, 19^). 
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all, owing to the rising air current carrying the dust up through the 
breathing zones. The objective to keep in mind^ in all cases is to take 
advantage of the natural tendency of the material to move upward or 
downward. 

In another class of operation the main objective is to prevent the escape 
of dust into the surrounding atmosphere, the removal of some dust from 
the machine or enclosure being merely incidental. The dust-creating 
apparatus is enclosed within a housing which is made as tight as prac- 
ticable, and sufficient suction is applied to the enclosure to maintain an 
inward air leakage, thus preventing escape of the dust. While the exhaust 
system is required to handle only the air which leaks in through the 
crevices and openings in the enclosure, yet in many installations leakages 
are very high and great care is required to obtain satisfactory results 
with a system of this kind. The inward-leakage principle is utilized for 
controlling dust in the operating of tumbling barrels, grinding, screening, 
elevating, and similar processes. 

Certain dust and fume producing operations are best carried on by 
isolating the process in a separate compartment or room and then apply- 
ing general ventilation to this space. The compartment or room in which 
the work is performed should be as small as is consistent with convenience 
in handling the work. The ventilating system should be designed so 
that a strong current of clean air is drawn across the operator, and away 
from him toward the work, where the dust is picked up and carried 
from the room. 

DESIGN OF SYSTEMS 

The first step in the design of an exhaust system is to determine the 
number and size of the hoods and their connections. No general rules, 
however, can be given since hood and duct dimensions are determined by 
the characteristics of the operations to which they are applied. When a 
tentative decision regarding the set-up has been made, it is then necessary 
to obtain the suction and air velocities required to effect control. At this 
point the designer must rely upon the prevailing practice and on such 
physical data relating to hoods, duct systems and collectors as are avail- 
able. Finally, in choosing the fan, the area of the intake should be equal 
to or greater than the sum of the areas of the branch ducts. The speed, of 
course, must be sufficient to maintain the estimated suction and air 
velocities in the system. In general, the most important requirements of 
an efficient exhaust and collecting system are as follows^ : 

1. HcxmIs, ducts, fans and collectors should be of adequate size. 

2. The air velocities should be sufficient to control and convey the materials collected. 

3. The hoods and ducts should not interfere with the operation of a machine or any 
working part. 

4. The system should do the required work with a minimum power consumption, 

5. When inflammable dusts and fumes are conveyed, the piping should be provided 
with an automatic damper in passing through a fire-wall. 

6. Ducts and all metal parts should be grounded to reduce the danger of dust ex- 
plosions by static electricity. 

7. The design of an exhaust system should afford easy access to parts for inspection 
and care. 


*For more detailed reQuirements see Safe Practice Pamphlets Nos. 32 and 37, published by the 
Safety Council, Chicago. 
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SUCTION AND VELOCITY REQUIREMENTS 

The removal of dust or waste by means of an exhaust hood requires a 
movement of air at the point of origin sufficient to carry it to a col- 
lecting system. The air velocities necessary to accomplish this depend 
upon the physical properties of the material to be eliminated and the 

Table 1. Size of Connections for Wood- Working Machinery 

! 

Type of Machine | 

I 

Diameter of 
Connections in 
Inches 

Circular saws, 12-in. diam. ^ 

4 

Circular saws, 12-24-in, diam 1 

Circular saws, 24-40-in. diam ; 

Band saws, blade under 2 in. wide j 

Band saws, blade 2-3 in. wide._ j 

5 

6 

4 

5 

Band saws, blade 3-4 in. wide 

6 

Band saws, blade 4-5 in. wide— 

7 

Band saws, blade 5-6 in. wide ' 

8 

Small mortisers. 

6 

Single end tenoners 

6 

Double end tenoners — 

7 

Double end, double head tenoners 

10 

Planers, matchers, moulders, stickers, jointers, etc. — 

With knives, 6-10 in 

5-^ 

With knives, 10-20 in. _ . 

6-8 

With knives, 20-30 in 

6-10 

Shapers, light w'ork 1 

4-5 

Shapers, heavy work 

8 

Pelt Sander, belt less than 6 in. wide 

5 

Belt Sander, belt 6-10 in. wide . _ ^ 

6 

Belt <?ander, belt 10-14 in. wide ' i 

7 

Drum Sander, 24 in. 

5 

Drum Sander, 30 in. . ... 

6 

Drum Sander, 36 in . . . .. 

7 

Drum Sander, 4S in. _ _ ___ 

8 

Drum Sander, over 48 in. 

10 

Disc Sander, 24 in. diam 

5 

Di.sr. 5vinder, 26-36 in. diam. . 

6 

Disc Sander, 36-48 in. diam. . __ 

7 

Arm Sander _ ___ 

4 




direction and speed with which it is thrown off. If the dust to be removed 
is already in motion, as is the case with high-speed grinding wheels, the 
hood should be installed in the path of the particles so that a minimum 
air volume may be used effectively. It is always desirable to design and 
locate a hood so that the volume of air necessary to produce results is as 
small as possible. 

The static suction at the throat of a hood is frequently used in practice 
as a measure of the effectiveness of control. This is of considerable value 
where exhaust systems adapted to particular operations have been 
standardized by practice. Tables 1 and 2 present the duct sizes usually 
employed for standard wood-working machinery and for grinding and 
buffing wheels. Static pressures which in practice have been found 
nec^sary to control and convey various materials, are given in Table 3. 
It must be remembered, however, that the suction is merely a rough 
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Table 2. Size of Connections for Grinding and Buffing Wheels 


Diameter of Wheels 

Max. 

Grinding 

Surface 

Sq In. 

Min. Diam. 

OF Branch 
Pipes in 
Inches 

Grinding — 





6 in. or less, not over 1 in. thick. 




19 

3 

7 in. to 9 in., inclusive, not over 1}4 

in. thick 

43 


10 in. to 16 in., " « " 2 

in. 

u 

101 

4 

17 in. to 19 in., “ « « 3 

in. 

u 

180 


20 in. to 24 in., « « 4 

in. 

a 

302 

5 

25 in. to 30 in., “ « “ 5 

in. 

u 

472 

6 

Buffing — 





6 in. or less, not over 1 in. thick. 



19 


7 in. to 12 in., inclusive, not over IH in. thick | 

57 

4 

13 in. to 16 in., “ « “ 2 

in. 

u 

101 


17 in. to 20 in., “ “ “ 3 

in. 

a 

189 

5 

21 in. to 27 in., « « « 4 

in. 

u 

338 

6 

27 in. to 33 in., « « 5 

in. 

u 

518 

7 


Table 3, Suction Pressures Required at Hoods 



Static Suction in 
Inches op Water 

Exhausting frorri grinding and bufhng wheels 

l/4“5 

2 

Exhausting from tumbling barrels 

Exhausting from wood-working machinery — light duty ... 

2 

Exhausting from wood-working machinery — ^heayy duty 

Shof» marhinpry f^xhanst- 

2-4 

2-3 

Exhausting from nihlx^r mannfartiiring prorp.s.sp.s 

2 

Flint grinding exhaust __ __ 

2 ‘ 

Exhausting from pottpry prf>re 5 ?sp<; . 

2 

Lead dust and fume exhaust 

2-4 

Fur and felt machinery exhaust 

2-3 

Exhausting from textile machinery. 

2-3 

Exhausting from elevating and crushing machinery _ __ 

2 

Conveying bulky and heavy materials 

3-5 



measure of the air volume handled and consequently of the air velocity at 
the opening of the hood. The elimination of any dusty condition requires 
added information concerning the shape, size and location of the hood 
used with regard to the operation in question. 

In some states grinding, polishing and buffing wheels are subject to 
regulation by codes. The static suction requirements, which range from 
13^ to 5 in. water displacement in a t/-tube, should be followed although 
in several instances they may appear to be excessive. Frequently, in 
these operations, a large part of the wheel must be exposed and the dust- 
laden air within the hood is thrown outward by the centrifugal action of 
the wheel, thus counteracting useful inward draft. This tendency may 
be diminished by locating the connecting duct so as to create an air flow 
of not less than 200 fpm about the lower rim of the wheel. 

Exact determinations of hood control velocities are not available, but 
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it is safe to assume that for most dusty operations they should not be less 
than 200 fpm at the point of origin. For granite dust generated by 
pneumatic devices, Hatch et aP give velocities from 150 to 200 fpm, 
depending on the type of hood used, as sufficient for safe control. Con- 
sidering the character of the industry, air velocities of this order may be 
extended to similar dusty operations. The method for approximately 
determining these velocities in terms of the velocity at the hood opening 
is given below. 


DESIGN OF HOODS 

No set rule can be given regarding the shape of a hood for a particular 
operation, but it is well to remember that its essential function is to create 
an adequate velocity distribution. The fact that the zone of greatest 
effectiveness does not extend laterally from the edges of the opening may 
frequently be utilized in estimating the size of hood required. Where 
complete enclosure of a dusty operation is contemplated, it is desirable to 
leave enough free space to equal the area of the connecting duct. Hoods 
for grinding, polishing and buffing should fit closely, but at the same time 
should provide an easy means for changing the wheels. It is advisable to 
design these hoods with a removable hopper at the base to capture the 
heavy dusts and articles dropped by the operator. Such provisions are of 
assistance in keeping the ducts clear. Air volumes used to control many 
dust discharges may often be reduced by effective baffling or partial 
enclosure of an operation. This procedure is strongly urged where dusts 
are directed beyond the zone of influence of the hood. 


Axial Velocity Formula for Hoods 


When the normal flow of air into a hood is unobstructed, the following 
formula may be used to determine the air velocity at any point along the 
axis: 


V _ 0.1 A 
100 - T X* 


( 1 ) 


where 


Y — per cent of velocity at opening. 

A = area of op)enmg, square inches (or square feet). 

X = distance outward from opening, inches (or feet). 


It is important to note that the velocity function varies in direct 
proportion to the area. Hence, under certain conditions, a large opening 
may function more effectively than a small one for the same volume of 
flow. The formula, of course, presumes that the air velocity distribution 
across the hood opening is uniform^. 

Exami^ 1. A small hood 64 sq in. in area handles 400 cfm. What will be the air 
velocity at a point 5 in. outward along the axis if the flow is unobstructed? 


»Hatcii, Tbeodore, Drinker, PMIip, and Choate, Sarah P., Control of the Silicosis Hazard in the Hard 
Rock Industries. I. A Laboratory Study of the Deagn Di^ Control Systems for Use with Pneumatic 
Granite Cutting Took. (Jemrnal Indu^Orial Hygiene^ VoL XII, No. 3, March, 1930). 

Welodty Characteristics of Hoo<k under Suction, by J. M. DallaValle (A.S.H.V.E. Transactions 
Vol. 38, 1932). 
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Solution. Substitute in Equation 1 and solve for F, thus 

Y _ 0.1 X 64 
lOO - F 5X5 

from which F — 20.4 per cent of the velocity at the opening of the hood. 

t v . • 400 X 144 . 

Velocity at opening == = 900 fpm 

Hence, the velocity at the point in question is 900 X 0.204 = 184 fpm 

Air Flow from Static Readings 

The volume of air flow into any hood may be determined from the 
following equation : 

Q = 4005 fa \/^ (2) 

where 

Q — volume of air flow, cubic feet per minute. 
a — area of connecting duct, square feet. 

At = static suction at throat of hood, inches of water. 

/ = orifice or restriction coefficient, which varies from 0.6 to 0.9 depending on the 
shape of the hood. 

An average value of/ is 0.71, although for a well-shaped opening a value 
of 0.8 may be used. If it is assumed that the entrance loss of a hood is 
proportional to the velocity head, / can be determined by the relation: 

where 

hy == the velocity head. 

Ae — the entrance loss. 

For duct ends and abrupt openings = hy and for flared openings 
he = 0.5Av 

The term static suction is not a good measure of the effectiveness of a 
hood unless the area of the opening and the location of the operation with 
respect to the hood are known. This is clearly indicated by Equation 1 
which shows that the velocity function at any point along the axis varies 
directly as the area of the opening and inversely as the square of the 
distance. However, this formula coupled with Equation 2 should serve 
to indicate the velocity conditions to be expected when operations are 
conducted external to the hood opening. 

Large Open Hoods 

Large hoods, such as are used for electroplating and pickling tanks, 
should be subdivided so the area of the connecting duct is not less than 
one-fifteenth of the open area of the hood. Frequently, it will be found 
necessary to branch the main duct in order to obtain a uniform distri- 
bution of flow. Canopy hoods should extend 6 in. laterally from the tank 
for every 12-in. elevation. In most cases, hoods of this type take advan- 
tage of the natural tendency of the vapors to rise, and air velocities may 
be kept low. Cross drafts from open doors or windows disturb the rise of 
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the vapors and therefore provision must be made for them. The air 
velocities required also depend upon the character of the vapors given off, 
cyanide fumes, for example, requiring an air velocity of approximately 
75 fpm on the surface of the tank and acid and steam vapors requiring 
velocities as low as 25 to 50 fpm. The total volume of air flow necessary 
to obtain these velocities may be approximately determined from the 
following simple formula: 

Q - 1.4PPF (4) 

where 

Q = total volume of air handled by hood, cfm. 

P = perimeter of the tank, feet. 

D = distance between tank and hood opening, feet. 

V — air velocity desired along edges and surface of tank. fpm. 

Spray Booths 

In the design of an efficient spray booth, it is essential to maintain an 
even distribution of air flow through the opening and about the object 
being sprayed. While in many instances spraying operations can be 
performed mechanically in wholly enclosed booths, the volatile vapors 
may reach injurious or explosive concentrations. At all times the con- 
centrations of these vapors, and particularly those containing benzol, 
should be kept below 100 parts per million. Spray booth vapors are 
dangerous to the health of the worker and care should be taken to mini- 
mize exposure to them. 

It is recommended in the design of spray booths that the exhaust duct 
be located in a horizontal position slightly above the object sprayed. 
Stagnant regions within the booth should be carefully avoided or should 
be provided with a vertical exhaust. The air volume should be sufficient 
to maintain a velocity of 150 to 200 fpm over the open area of the booth 
and the vapors should be discharged through a suitable stack to permit 
dilution^. 

Hoods for Chemical Laboratories 

Hoods used in chemical laboratories are generally provided with 
sliding windows which permit positive control of the fumes and vapors 
evolved by the apparatus. Their design should offer easy access for the 
installation of chemical equipment and should be well lighted. Air 
velocities should exceed 50 fpm when the window is opened to its maxi- 
mum height. 


DESIGN OF DUCT SYSTEMS 

The duct system should be large enough to transport the fumes or 
material without causing serious obstruction to the air flow. It is good 
practice to proportion the ducts to obtain the desired velocities and 
suction pressures at the hoods, although in many cases only an approxi- 
mation to an ideal design is possible. Many exhaust hoods, and par- 


*For a disco^orr of spray booths, see Spec^ Balktiii Mo. 16, Spray Painting in Pennsylvania, Depart- 
ment of Labor and iadnstry, 1926, Hanisjbnrg, Pa. 


S51 



American SociETy of Heating and Ventilating Engineers Guide, 1935 


ticularly those used in buffing and polishing, are connected by short 
branch pipes to the main duct which renders proportioning impractical. 

Construction 

The ducts leading from the hoods to the exhaust fan should be con- 
structed of sheet metal not lighter than is shown in Table 4. The piping 
should be free from dents, fins and projections on which refuse might 
catch. 

All permanent circular joints should be lap-jointed, riveted and sol- 
dered, and all longitudinal joints either grooved and locked or riveted 
and soldered. Circular laps should be in the direction of the flow, and 
piping installed out-of-doors should not have the longitudinal laps at the 


Table 4. Gage of Sheet Metal to be Used for Various Duct Diameters 


Diameter of Duct 

Gage op Metal 

5^ in- _ _ ... „ 

24 

9 tn I R in. __ 

22 

19 to 25 in. 

20 

9Sin,ormnrp . __ .. 

18 



bottom. Every change in pipe size should be made with an eccentric 
taper flat on the bottom, the taper to be at least 5 in. long for each inch 
change in diameter. All pipes passing through roofs should be equipped 
with collars so arranged as to prevent water leaking into the building. 

The main trunks and branch pipes should be as short and straight as 
possible, strongly supported, and with the dead ends capped to permit 
inspection and cleaning. All branch pipes should join the main at an 
acute angle, the junction being at the side or top and never at the bottom 
of the main. Branch pipes should not join the main pipes at points where 
the material from one branch would tend to enter the branch on the 
opposite side of the main. 

Cleanout openings having suitable covers should be placed in the main 
and branch pipes so that every part of the system can be easily reached in 
case the system clogs. Either a large cleanout door should be placed 
in the main suction pipe near the fan inlet, or a detachable section of 
pipe, held in place by lug bands, may be provided. 

Elbows should be made at least two gages heavier than straight pipe 
of the same diameter, the better to enable them to withstand the addi- 
tional wear caused by changing the direction of flow. They should pref- 
erably have a throat radius of at least one and one-half times the diameter 
of the pipe. 

Every pipe should be kept open and unobstructed throughout its entire 
length, and no fixed screen should be placed in it, although the use of 
a trap at the junction of the hood and branch pipe is permissible, provided 
it is not allowed to fill up completely. 

The passing of pipes through fire-walls should be avoided wherever 
possible, and sweep-up connections should be so arranged that foreign 
material cannot be easily introduced into them. 

At the point of entrance of a branch pipe with the main duct, there 
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should be an increase in the latter equal to their sum. Some state codes 
specify that the combined area be increased by 25 per cent. While this 
is not always necessary and is frequently done at the expense of a reduced 
air velocity, it is none the less advisable where future expansion of the 
exhaust system is contemplated. 

Table 5. Air Speeds in Ducts Necessary to Cony^ey Various Materials 




Am Velocities 
(fpm) 


Grain dust ! 2000 

Wood chips and shavings 1 3000 

Sawdust ! 2000 


Jute dust.. 

Rubber dust. j 

2000 

I 2000 

TJnt -- . 

1500 

Metal dust (grindings). 

! 2200 

T^j^d dusts. 

5000 

Brass turnings (fine) 

4000 

Fine rnal 

4000 



Air Velocities in Ducts 

When the static suction has been fixed for a given hood, the air velocity 
in the duct may be determined from Equation 2. Air velocities for 
conveying a material should be moderate. Table 5 gives the velocities 
generally employed for conveying various substances. Equations 5a and 5b 
may be used as tests to determine the conveying efficiency of a system®. 
Velocities determined from these formulae should be increased by at least 
25 per cent since they represent the minimum at which a stated size and 
density of material can be transported. 


For vertical ducts: 

V = 13,300 — 

i + 1 

(5a) 

For horizontal ducts: 

V = 6000 — ^ do-^» 
s + 1 

(5b) 

where 



F = air velocity in duct, feet per minute. 

5 “ specific gravity of i>articles. 

d == average diameter of largest particles conveyed, inches. 



Example S. Granular material, the largest size of which is approximately 0.37 in .in 
diameter, with a specific gravity of 1.40 is to be conveyed in a vertical pipe the velocity 
of the air in which is 4100 fpm; find whether the material can be transported at this 
velocity. 

Substitute data in Equation 5a and multiply by 1.25: 

7 = 1.25 X 13,300 X X O-S?"-® 

Antilog (0.57 X I<^ 0.37) = 0.568; the required velocity is, therefore, 5500 fpm. 
Hence, the duct velocity must be increased either by speeding up the fan or decreasing 
the diameter of the duct, or both. 

•DaHaValk. J. M.: Determining Minimum Air Vdodties for Exhaust Systems. (A.S.H.V.E. Journal 
Section, Heating^ Piping and Air Conditioning^ September, 1932), 
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Duct Resistance 

The resistance to flow in any galvanized duct riveted and soldered at 
the joints may be obtained from Fig. 3, Chapter 20. The pressure drop 
through elbows depends upon the radius of the bend. For elbows whose 
centerline radii vary from 50 to 300 per cent of pipe diameter, the loss may 
be estimated from Table 6. It is sometimes convenient to express the 
resistance of an elbow in terms of an equivalent length of duct of the same 
diameter. Thus with a throat radius equal to the pipe diameter the 
resistance is equivalent to a section of straight pipe approximately 10 
diameters long, while with a throat diameter radius 134 times the dia- 
meter, the resistance is about the same as that of seven diameters of 
straight pipe. 

COLLECTORS 

The most common method of separating the dust and other materials 
from the air is to pass the mixture through a centrifugal or cyclone 
collector. In this type of collector the mixture of the air and material 
is introduced on a tangent, near the cylindrical top of the collector, and 
the whirling motion sets up a centrifugal action causing the compara- 
tively heavy materials suspended in the air to be thrown against the side 
of the separator, from which position they spiral down to the tail piece, 
while the air escapes through the stack at the center of the collector. 

The diameter of the cyclone should be at least 334 times the diameter 
of the fan discharge duct. When two or more separate ducts enter a 
cyclone, gates should be provided to prevent any back draft through a 
system which may not be operating. Cyclones working in conjunction 
with two or more fans should be design^ to operate efficiently at two- 
thirds capacity rating. The following formula is useful in computing the 
loss through a cyclone when the velocity of the air in the fan discharge 
duct is known : 

- ““ iimT <« 

where 

= the pressure drop through the cyclone, inches of water. 

V == the air velocity in the faji discharge duct, feet per minute. 

If a cyclone is used to collect light dusts such as buffing wheel dusts, 
feathers and lint, the exhaust vent should be large enough to permit an 
air velocity of 200 to 500 fpm. This will, of course, require a cyclone of 
larger dimensions than given for the foregoing general case. 

When a high collection efficiency is desired, or the material is very fine, 
multicyclones may be used. These are merely small cyclones arranged in 
parallel which utilize the principle of high centrifugal velocity to attain 
separation. The capacities and characteristics of this type of separator 
should be obtained from the manufacturers. 

Cloth Filters 

Filter cloths are used when the material collected by an exhaust system 
is valuable or cannot be separated from the air with an ordinary cyclone. 
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They are also employed when it is desirable to recirculate the air drawn 
from a room by the exhaust system, which otherwise might entail con- 
siderable loss in heat. Bag filters which are properly housed may be 
operated under suction. Bag houses used in the manufacture of zinc oxide 
and other chemical products are operated on the positive side of the fan. 

Wool, cotton and asbestos cloths are commonly used as filtering 
mediums. When woolen cloths are employed, the filtering capacities vary" 
from 3^ to 10 cfm per square foot of filtering surface, depending on the 
character of the material collected. The rates for cotton and asbestos 
cloths are slightly lower. The type of filter cloth and the rates of filtration 
depend, of course, on the material to be collected and the fan capacity. 
The time increase of resistance varies with the amount of material per- 
mitted to build up on the surface of the filter and can be determined only 
by experiment. The limits of the increase may be regulated by adjust- 
ment of the shaking or cleaning mechanism. These limits may be 
regulated further according to the capacity of the fan and the effective 
performance of the hoods and the duct system. 

RESISTANCE OF SYSTEM 

The maintained resistance of the exhaust system is composed of three 
factors: (1) loss through the hoods, (2) collector drop, and (3) friction 
drop in the pipes. 

The loss through the hoods is usually assumed to be equal to the suction 
maintained at the hoods. The collector drop in inches of water is given 
approximately by Equation 6, but where possible the resistance of the 
particular collector to be used should be ascertained from the manu- 
facturer. 

Friction drop in the pip^ must be computed for each section where 
there is a change in area or in velocity. Find the velocities in each section 
of pipe starting with the branch most remote from the fan. The friction 
drop for these sections can be determined by reference to Table 6. Total 
friction loss in the piping system is the friction drop in the most remote 
branch plus the drop in the various sections of the main, plus the drop 
in the discharge pipe. 

SELECTION OF FANS AND MOTORS 

Manufacturers generally provide special fans for the collection of 
various industrial wastes. These are available for the collection of coal 
dust, wood shavings, wool, cotton and many other substances. For 
particular features concerning spedal fans, consult the Catalog Data 
Section of The Guide and manufacturers’ data. When substances 
having an abrasive character are conveyed, the fan blades and housing 
should be protected from wear. This may be accomplished by placing a 
collector on the n^ative side of the fan or by lining the housing and 
blades with rubber. 

If no future expansion of an exhaust system is cont^plated, the fair 
motor should be chosen to provide the calculated air volume. Should, 
howeva*, the exhaust system be required to handle more air in the 
future, the motor should be adequate for the maximum load anticipated.. 
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Further information regarding the choice of fans and motors is given in 
Chapter 17. 


PROTECTION AGAINST CORROSION 

The removal of gases and fumes in many chemical plants requires that 
metals used in the construction of the exhaust system be resistant to 


Table 6. Loss Through 90-Deg Elbows 


Elbow Centbb Like Radius in Peb Cent 
or Pipe Dia,meteb 

Loss IK Per Cekt or Velocity Head 

50 

75 

100 

26 

150 

17 

200 to 300 

14 


chemical corrosion. A list of the materials which may be used to resist 
the action of certain fumes is given in Table 7. Hoods and ducts when 
short, may frequently be constructed of wood and be quite effective. 


Table 7. Materials to be Used for the Protection of 
Exhaust Systems Against Corrosion^ 


Type or Fume Conveyed 

Protecttve Matsrlll to be Used 

Chlorine * 

Rubber lining or chrome-nickel alloys 

Aluminum coated iron, aluminum, high chrome-nickel alloys 
Iron or steel 

Hydrogen sulphide * 

Arnmonia 

SulphTTf^us 1 

High chrome-nickel alloys 

Hydrorhlnnc acid , 1 

Rubber lining, chrome-nickel alloys 

allovs 





^Condensed from data given by Chilton and Huey (Industrial and Engineering Chemistry^ Vol. 24, 1932). 


Rubberized paints are available and may be applied as protective coatings 
in handling such gases and fumes as chlorine and hydrochloric acid. 


PROBLEMS IN PRACTICE 


1 • SLould individual operations be served by an individualized dust collector 
system? 

Yes, if operations are usually kept individual in a group of machines. 

2 # Are state regulatory requirements as to suction applicable to all sorts of 
dust collecting installations? 

As a rule the regulations refer only to grinding wheel and buffing wheel systems. They 
are needed for many other industrial processes. 
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3 • What is the most common method of reducing total air Tolumes handled 
in cases employing large hoods over apparatus covering a large area? 

The use^ of the petticoat or double hood which permits a comparatively high air velocity 
at the rim of the hood and controllably small velocities in the center. 

4 • What other types of collectors are available for use in the place of cyclones 
and j&Iters when chemical and physical conditions obviate the possibility of the 
use of them? 

Devices such as scrubbers and contactors, using water or other contacting liquids, 
electrical precipitators, and dynamical precipitators. 

5 • What is the most frequent error made in dust collector system design? 

The omission of some means of putting into the workroom air having the proper charac- 
teristics to replace that w^hich has been exhausted. 

6 # Are there available means for testing the performance of dust collecting 
systems when they are required to meet high industrial hygienic standards? 

Yes. Such means are set up by the United States Public Health Service and by the 
Standard Code for Testing Centrifugal Fans (Chapter 41). 

7 # Why is it not permissible to connect up emery wheels and buffing wheels to 
the same exhaust system? 

Emery wheels and buffing wheels should be handled by separate systems because of the 
fire hazard, as it is possible for sparks from the emery wheels to ignite the lint and dust 
from the buffing wheels when both are carried through the same system. 

S • Give an important characteristic of centrifugal type dust collectors which 
should be given consideration when applying this type of collector to instal- 
lations requiring high separating efficiencies. 

The separating action of a cyclone or centrifugal type collector depends largely on 
centrifugal force. Reducing the radius of air flow increases the centrifugal force for a 
given velocity of flow. Accordingly, the smaller size units usually give higher separating 
factors, and better results can sometimes be obtained by using a number of small col- 
lectors instead of one large unit. 

9 # Mention some general suggestions relating to the design of efficient in- 
dustrial exhaust systems. 

a. Endeavor to obtain a maximum degree of effectiveness with a minimum volume of air, 
by the use of well designed hoods closing in the sources of fumes or material to be removed 
so located as to take advantage of the natural direction taken by the fumes or materials 
when leaving their source. 

b. Give particular care to the vdocity of flow. The duct velocities for material con- 
veying systems must be high enough to properly carry the material, but they should not 
be hi^er than necessary because excessive velocities increase the pressure requirements 
and result in a waste of power, 

c. Select the type of fan best suited to the job. For installations where stringy material 
is handled do not use a fan wheel which has a shroud. 

d. When handling the r^use from various machines, study the grouping and operating 
cycles of the machines. Connecting a large number of machines into one system is 
frequ^tly very uneconomical. 

e. Avoid unnecessary distances and bends in laying out the piping system, 

10 # Tlie static pressure measured at the throat of a buffing wheel hood is 2 in. 
and the y^oeil^ head measured with a Pitot tube is 1.6 in. Calculate the 
restriction coefficient f. 
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From Equation 2, F — 4005 / \/ ht. 

From the theory of air flow, V = 4005 h^. 

Hence, ~ f 's/ hu 

or 



11 • A tarnl|^ 4 ft by 8 ft, contains a fluid which gives off injurious vapors. A 
large hood is located 30 in. above the top of the tank and extends slightly over 
its edges. Assuming that a velocity of 60 fpm is required to adequately control 
the vai>ors near the edges of the tank, calculate the air flow required. 

Using Equation 4, P = 2 X 4 + 2 X 8 = 24 ft; D = 30 inches = 2.5 ft; V = 60 fpm. 
Hence, Q = 1.4 X 24 X 2.5 X 60 = 5.040 cfm. 


12 • Silica dust with a specific gravity of 2.65 is being conveyed in a duct system; 
The velocity measured in a vertical portion of the system is found to be 2700 
fpm. What is the maxhnum diameter particle transported at this velocity? 

. . . - . ‘ 2 

Using Equation oa, 2700 =i 13,300 X 'w^ X 

0.00 

from which 

d = (0.28)1.76 0,11 in. 
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FAN SYSTEMS OF HEATING 


Types of Systems, Blow -Through, Draw-Through, Heating Units, 
Design, Temperatures, Weight of Air to he Circulated, Tempera- 
ture I^ss in Ducts, Heat Supplied Heating Units and Washer, 

Grate Area, Boiler Selection, Weight of Condensate, Static Pres- 
sure, Fans and Control 

A FAN system of heating depends upon fans and blowers to distribute 
air through ducts from one centrally located plant. This chapter 
considers heating and humidifying systems of this type whereas similar 
systems arranged for cooling and dehumidifying are discussed in Chapter 
9. A special type of central fan system, the mechanical warm air or fan 
furnace system, which is especially adapted to residences, churches, halls, 
and other small buildings, is covered in Chapter 23. 

TYPES OF SYSTEMS 

In the indirect type of central fan heating and air conditioning systems, 
steam is usually the medium by which heat is transferred from the boiler, 
or other source of heat, to the heating units. If the system is intended 
solely for heating, the air is passed over one or more stacks or batteries of 
heating units and then conveyed to the spaces for which it is intended 
through a system of ducts. In some cases, a predetermined amount of 
outside air is introduced for ventilating purposes, whereas in others the 
moisture content is controlled by passing the air through a washer or 
humidifier. If the apparatus is designed to control simultaneously the 
temperature, humidity, air motion, and distribution, it is known as an air 
conitioning system. 

In the split system, the heating is accomplish^ by means of radiators or 
convectoi3, and the ventilating or air conditioning by means of the central 
fan apparatus. In the combined system, the entire operation of heating, 
ventilating, and air conditioning is handled by the central fan system. 

A common arrangement of the central fan system of heating is illus- 
trated by Fig. 1 and conasts of a fan, a heating unit (heater) tendbsed by a 
sheet metal casing connected with the suction side of the fan, a sheef 
metal casing connected to the heating unit casing run to the outside of the* 
building and provided with an adjustable opening inside the building for 
recirculation of the air when desired, and a duct system attached to the 
fan outlet to convey and distribute the air to various parts of the building 
to be warmed by the apparatus. The fan is ordinarily motor-driven ; there 
are, hoi^v^, many cases when a direct-cx>nnected steam engine m;^y be 
used to advantage. In this event the exhaust from the engine can be coil- 
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nected to one or more sections of the heater, depending upon the con- 
densation rate of the engine. The recirculation duct connected with the 
opening in the suction duct should be extended to a point as near the 
floor as possible. 

When ventilation is not a requirement or is considered relatively unim- 
portant, as in shop and factory heating, and the number of persons vitiat- 
ing the air is small compared with the cubical contents of the building, or 
the process does not generate obnoxious gas or vapors, the air may be 
recirculated, sufficient outside air for ventilation being supplied by infiltra- 



Fig. 1. Arrangement of a Central Fan Heating System 
(Draw-Through) 


Caiwts Cofmection Heater 



Fig. 2. Arrangement for Heating Unit (Blow-Through) 


tion. The amount of heat to be supplied the heating unit in this case is the 
same as would be required for a direct radiation installation. 

When ventilation is a requirement to be met, an arrangement similar to 
that shown by Fig. 1 may be employed. Since the amount of air necessary 
for heating is generally in excess of the amount required for ventilation, 
considerable fuel economy may be effected by recirculating a portion of 
the air. In this case only sufficient outside air is drawn into the system to 
meet the ventilation requirement and the remainder of the air, required 
for heating, is recirculated. This may be readily effected by an arrange- 
ment of ducts and dampers on the suction side of the fan as previously 
mentioned. If the outside air introduced is to be washed or conditioned 
the washer or humidifier and tempering coil may be added between the 
inlet for the recirculated air and the fresh air intake. 
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Blow-Through, Draw-Through 

When the heating unit is located on the suction side of the fan, the 
system is known as draw-through. (See Fig. 1.) When the heating unit 
is located in the discharge from the fan, the system is known as blow- 
through. (See Fig. 2.) The draw-through combination is used for factory 
and toilet room installations because a more compact arrangement of 
the apparatus usually is possible. In addition, air leakage will be inward. 
The blow-through combination is used principally in schools and public 
buildings, and for all booster coil arrangements where different tempera- 
tures and independent temperature regulation are required for different 
heated spaces. In public building installations, the fan frequently blows 
the heated air into a plenum chamber from which the air ducts radiate to 
the various rooms of the building; this arrangement is sometimes called 
the plenum system. 


HEATING UNITS 

The heating units for central fan systems using steam as the heating 
medium may be classified as (1) tempering coils, (2) preheater coils, (3) 
reheater coils, (4) booster coils, and (5) water heaters, either oj^n or 
closed. Tempering coils are used with ventilating and air conditioning 
systems for raising the temperature of the outside cold air to above freez- 
ing, or 32 F. They are not required for heating systems where all of the 
air is recirculated, since the temperature of the recirculated air will be 
above freezing. Preheater coils are used with air conditioning systems to 
raise the temperature of the air from that leaving the tempering coils to 
such a temperature that in passing through the water sprays of the washer 
(without water heater) the air will become partially saturated (adia- 
batically) having a moisture content corresponding to the required dew- 
point temperature. Preheater coils therefore supply heat as necessary to 
control the dew-point temperature. The reheater coils are used to raise the 
temperature of the air leaving the tempering coils (in the case of a heating 
or ventilating system) or the air leaving the washer (in the case of an air 
conditioning system) to that necessary to maintain the desired tempera- 
ture in the rooms or spaces to be heated or conditioned, except where 
booster coils are used, in which case the reheater coils raise the air tem- 
perature to approximately room temperature, or slightly higher. Booster 
coils are installed in the duct branches to control the temperature of the 
air entering the rooms or spaces for which it is intended. Water heaters are 
used on an air conditioning system to control the dew-point temperature. 
They are used mainly for industrial work, seldom for comfort conditioning. 
They are not used where preheater coils are employed. The open type 
supplies steam directly to the spray water, while the closed type utilizes a 
heat interchanger by which the steam imparts its heat to the spray water. 
Where water heaters are required for comfort conditioning, the closed 
type is used. 

The heating units for central fan systems in use at the present time con- 
sist either of pipe coils, finned tubes of steel, copper, brass or other metal, 
cast-iron sections with extended surfaces, or the cellular type. Steam is 
passed through these heating units and the air to be heated is passed over 
their exterior surfaces. 
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In selecting a heating unit for any particular serx ice, the choice should 
be based on the desired requirements as follows: 

1. Final temperature desired. 

2. Loss in pressure for friction) of air passing over the heating unit. 

3. Air velocity over the heating unit. 

4. Free area or face area of heating unit. 

5. Ratio of heating surface to net free (or face) area. 

6. Air volume required. 

7. Number of rows of pipes, tubes, or sections. 

8. Amount of heating surface. 

9. Steam pressure drop through the heating unit. 

10. Weight of heating unit. 

Final Temperature Desired, The choice of a heating unit is largely 
influenced by the final temperature desired, when the entering air tem- 
perature and steam pressure available at the heating unit are specified. 
These data are obtainable from manufacturers’ catalogs. 

Loss in Air Pressure {or Friction). The allowable friction through the 
heating unit is one of the first factors to be determined in the selection of 
the apparatus. The velocities of air through various types of heating 
units will not necessarily be the same, but for any particular job the 
velocity through the heating unit should be a secondary consideration and 
the allowable friction or air pressure loss should be fixed approximately 
before proceeding with the selection of the heating unit. The loss in air 
pressure (or friction) through the heating unit should not exceed a pre- 
determine maximum allowable amount for economical operation and for 
moderate size and first cost of installation. 

In public building work, the maximum allowable friction through both 
tempering coil and reheater coils should never exceed ^ in. of water and 
it is advisable that the friction be kept considerably lower than this figure 
if possible. A tempering coil friction ranging from 0.10 to 0.20 in. of water 
is considered satisfactory. The air pressure loss for reheaters ordinarily 
ranges from 0.20 to 0.40 in. of water. In factory work, the maximum 
friction through the heater should never exceed 0.8 in. or 1 in.^ of water 
and it is advisable to figure the heaters at lower frictions if possible. 

Velocity through Heating Unit. This velocity has generally been given 
in manufacturers’ tables as being measured at 70 F and in most cases 
refers to the velocity through the net free area of the heating unit, or 
through the net space between the pipes, tubes or sections. Although 
most manufacturers give suitable velocities measured at 70 F, certain 
manufacturers show velocities measured at 65 F and others indicate 
velocities measured at the average air temperature through the heating 
unit. Many new heating units, however, specify net face areas with cor- 
responding velocities instead of velocities through net fr^ areas. In 
either case, manufacturers publish the corresponding friction or air- 
pressure loss in tables. The velocity through the net free area of the 
heating unit averages about 1000 fpm and that through the net face area 
about 500 fpm. 

The volume of air to be heated in any particular case is determined after 
consideration of the ventilation requirements, heat losses, and quantity of 
air required for proper circulation, as explained in Chapters 2 and 7. 
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The number of rows of pipes, tubes, or sectiojis or the amount of heati?tg 
surface to be used may be selected from manufacturers’ catalogs after the 
quantity of air handled and the heat load are known. Savings in oper- 
ating expense or cost of installation should result from a proper selection 
of heater and by-pass areas. For example, instead of having the entire 
air quantity go through a one-row heating unit, it may be advantageous 
to use a two-row heating unit and a properly sized by-pass. Thus, when 
no heating is being done, a suitable by-pass damper may be opened to 
place a lighter load on the fan. 

The steam pressure drop through the heathig unit is also tabulated in 
manufacturers’ data tables. The sizing of steam supply and return 
piping, allowing for drops through heating units, is explained in Chapter 
32. 

Weight of Heating Unit, In the design of a heating system, the weight 
limitations of heating units are determined by the location of the units. 
Obviously, if there is no loading limitation imposed, any type of heating 
unit may be selected. On the other hand if the heating unit is to be hung 
from the ceiling, it may be desirable to use the lightest unit which will 
accomplish the work required. 

DESIGNING THE SYSTEM 

The general procedure for the design of central fan systems is as 
follows: 

1. Calculate the heat loss for each room or space to be heated. 

2- Determine volume of outside air to be introduced. 

3. Assume or calculate temperature of air leaving registers or supply outlets. 

4. Calculate weight of air to be circulated. 

5. Estimate temperature loss in duct system. 

6. Calculate heat to be supplied the heating units and washer. 

7. Select heating units and washer from manufacturers" data and performance curves. 

8. Calculate total heat to be supplied. 

9. Calculate grate area and select boiler. 

10. Design duct S 5 ^tem. 

11. Calculate total static pressure of system. 

12. Select fan, motor, and drive. 

The heat losses {H) should be calculated in accordance with the pro- 
cedure outlined in Chapter 7. If a positive pressure is maintained by the 
central fan system in the room or space to be ventilated or conditioned, 
there will orinarily be very little infiltration of cold outside air through 
the cracks and crevices of the space. Consequently, the volume of air 
introduced into the space at the assumed or calculated outlet temperature 
need only be sufficient to provide for the transmission losses, plus about 
one-third of the infiltration loss^. The exfiltration of heated or con- 
ditioned air through the cracks and crevices of the space should be pro- 
vided for by maldng the usual allowance for the infiltration losses in 
arriving at the total heat loss of the space. The air required to make up 
for this exfiltration of heated or conditioned air will be brought in at the 
outside air intake and may be included as a part of the outside air neces- 
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sary for the ventilating requirements. The heat required to raise this air 
to the conditions maintained in the room must be provided by the tem- 
pering coils, preheater coils, and reheater coils. If a positive pressure is 
not maintained in the room or space to be conditioned, the normal in- 
filtration of outside cold air will take place in this room, and the outlet 
temperature, together with the required air volume at this temperature, 
must be sufficient to provide for both infiltration and transmission losses. 


Volume of Outside Air 

The volume of outside air required for ventilation or air conditioning 
purposes may be determined from data in Chapter 2. In no case shall 
less than 10 cfm per person be introduced. 

The heat required to warm the outside air introduced for ventilation 
purposes (Ho) may be determined by means of the following formula: 

Ho = 0.24 (/ ~ ^o) Mo (1) 

where 

0.24 = specific heat of air at constant pressure. 
t — room temperature, degrees Fahrenheit. 
to = outside temperature, degrees Fahrenheit. 

Mo - weight of outside air to be introduced per hour, in pounds = doQo. 

Qo = volume of outside air to be introduced, cubic feet per hour. 
do - density of air at to, pounds per cubic foot. 

Example 1. A building in which the temperature to be maintained at 70 F requires 
10,000 cfm. If the outside temperature is 20 F, how much heat will be required to warm 
the air introduced for ventilation purposes to the room temperature? 

Solution. Qo = 10,000 X 60 = 600,000 cfh; do — 0.08276 (Table 3, Chapter 1); 
Mo - 0.08276 X 600,000 - 49,656 lb; ^ = 70 F; = 20 F; Ho - 0.24 X (70 - 20) 
X 49,656 = 595,872 Btu per hour. 


Temperature of Air Leaving Registers 


If the system is to function only as a heating system, that is, entirely as 
a recirculating one, the temperature of the air leaving the register outlets 
must be assumed. For public buildings, these temperatures may range 
from 100 to 120 F, whereas for factories and industrial buildings the out- 
let or register temperature may be as high as 140 F. In no case should the 
outlet temperature exceed these values. 

For ventilating or conditioning systems, the temperature of the air 
leaving the supply outlets may be estimated by means of the following 
formula: 


55.2H 


+ I 


(2) 


where 


ty = outlet temperature, degrees Fahrenheit. 

H = heat loss of room or space to be conditioned, Btu per hour. 

Q = total volume of air to be introduced at the temperature t, cubic feet per hour. 


If the outlet temperature (ty) as determined from Equation 2 exceeds 
120 F for public buildings, or 140 F for factories or industrial buildings, 




Chapter 22 — Fak Systems of Heating 


these respective outlet temperatures should be used as factors in the 
following equation to determine the volume of air to be introduced into 
the room or space : 

Example £. The heat loss of a certain auditorium to be conditioned is 100,000 Btu per 
hour. The ventilating requirements are 90,000 cu ft per hour and the room temperature 
70 F. Determine the outlet temperature. 


Solution. Substituting in Formula 2, 

_ 55.2 X 100,000 
^ 90,000 


-f 70 = 131.3 F 


Inasmuch as this temperature is excessive, it will be necessary to assume an outlet 
temperature, which will be taken as 120 F, and to calculate the amount of air to be 
introduced into the room at this temperature to provide for the heat loss. Substituting 
in Equation 3, 


55.2 X 100,000 
120 - 70 


= 110,400 cfh (at temperature 


Weight of Air to be Circulated 

The total weight of air to be introduced into the room or space to be 
heated or conditioned is given by the following formulae: 

" - 03i(f:r7) - (« 

M = ifo + -MV (5) 

Mo = dxiQo (6) 


d = density of air at temperature pounds per cubic foot. 
do = density of air at temperature to^ pounds per cubic foot. 

Qo = volume of outside air at temperature 
Mo =* weight of outside air, pounds. 

Mr = weight of recirculated air, pounds. 

Example S, Using the data of Example 2 and an outside temperature of 20 F, what 
will be the values of Mq and 

Solution, d - 0.07495; , 4 = J)i)8276;0 = 110,400; <3o = 90,000; = 100,000. 

^ 100,000 

^ " 0.24 X (120 - 70) 

Mo = 0.08276 X 90,000 = 7,448 lb 
Mr -- M - Mo ^ 8,333 - 7,448 - 885 lb 


Temperature Loss in Ducts 

The allowances to be made for loss in transit through the duct system 
(/a) are as follows: 

1. When the duct system is located in the enclosure to which the air is being delivered, 
as in a factory, it may be assumed that there is no loss between the reheater coil and the 
point or points of dischai^e into the enclosure. 
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2. For ducts in outside walls or attics, or other exposed places, allow 0.25 F per 
linear foot of uninsulated duct. 

3. For ducts run underground an allowance shall be made based on the estimated heat 
loss of the duct, assuming the average temperature of the ground to be 55 F. 

Heat Supplied Heating Units and Washer 

The following cases may arise in practice : 

A. The heating of the building is done entirely by means of a central fan system, all 
of the air being drawn from the outside. 

B. Similar to A, except that all of the air is recirculated. 

C. A portion of the air is recirculated, and the remainder is drawn in from the outside. 

D. Air at the same temperature is to be delivered to all the rooms. A constant relative 
humidity is maintained in the building and all of the air circulated is drawn from outside 
the building. (Not applicable to the heating of various rooms where individual control 
of each room is desired.) 

E. Outside air,- return air, and by-pass air are used with the reheater located in by- 
pass air chamber. 

F. Arrangement of apparatus where individual control of the temperature for .^ch 
room is required in conjunction with air washer equipment to maintain a constant 
relative humidity in the rooms. The aih washer is provided with a water heater for the 
spray water, :capable of fully saturating the air. A section of preheater may be used for. 
this purpose in place of the water heater. With this arrangement and with a uniform 
temperature of air entering the rooms, it is impossible to maintain the same room tem- 
perature throughout the building because the weight of air to be delivered to each room 
is determined and fixed by the ventilating requirements. 

In analyzing these cases, the following symbols will be used : 

H = heat loss of the room or building, Btu per hour. 

Hi == heat to be supplied to the reheater cpil, Btu per hour. 

Hz = heat supplied tempering coil, orctempering coii and p^eheate^^ Btu per hour. 
Hi = heat supplied air washer by w^rhi&ter, Btii per hour. 

Ha = heat to be supplied booster coil, Btu per hour. 

M — weight of air to be introduced into the room or building, pounds per hour. 
'Mr “ weight of recirculated air, pounds per hour. . 

M\i —.weight of air by-passing washer, pounds, per hour. 

Mo weight of air drawn in from outside, pounds per hour. 
to — mean temperature of outside air, degrees Fahrenheit* 

/ = mean air temperature to be maintained in the room or building, degrees 
Fahrenheit. 

ii = mean temperature of the air entering the reheater coil. 
tz = mean temperature of the air leaving the reheater coil. 
tz — temperature loss in the duct system. 
ty = temperature of the air leaving the duct outlets..; 
tx — average temperature of air entering tempering coil. 
tyf — temperature of air entering washer. 

0.24 = specific heat of air at constant pressure. 
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Fig. 3. Heating Unit and Fan Arranged for Outside Air Circulation (Case A) 

Case A . (Fig, 3) All of the air circulated to be drawn from outside the building, in 
which case tx — to- 

= 0.24 (/i - ildfo • (7) 

Hi = 0.24 (h - ti) Mo , . , (8) 

Example 4- The heat loss H for a certain factory building is 700,000 Btu per hour. 
The mean inside temperature t to be maintained is 65 F. The assumed outside air tem- 
perature /o is 0 F; = 0, /y and is assumed to be 140 F. The temperature 
leaving the tempering coil is assumed to be 35 F. Requited, Hi and H 2 . From Equation 4, 

Hi = 0.24 X (35 - 0) X 38,889 = 326,667 Btu per hour. 

Hi = 0.24 X (140 - 35) X 38,889 = 980,003 Btu per hour. 

■--Hr.-^Hi = 326,667 + 980,003 = 1,306,670 Btu per hour. 


,,Steam 



ELEVATION 

Fig. 4. Arrangement for Recirculation (Case B) 


Case B: ■ (Fig. 4) All of the air is to be recirculated, in which case h — L 

ilfr = 38,889 lb 
" Ml -P 0.24 (h - h) Mr 

Hi = 0.24 (140 - 65) X 38,889 = 700,000 Btu per hour. 

This Example illustrates the saving in fuel consumption by the 
culation of the air. The heat to be supplied the apparatus is the same a;s 
that required for a direct system of heating and is equal to the heat loss 
of the^building '{Hi = -HI, m the example 700,000 Btu per hour as 
compared with 1,306^70 for Case A. 
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Fig. 5. Combination of Recirculated Air and Outside Air (Case C) 


Case C. (Fig. 5) A portion of the air circulated is recirculated air and the remainder, 
as may be required for ventilating purposes, is drawn in from the outside. According to 
Equations 4 and 5, 

"-"• + "'- 035 - 1 ^ 

The temp^ature of the resulting mixture of outside and recirculated air entering the 
tempering coil is: 


tx 


Moto d" 
M 


(9) 


Example 6. Assuming that a positive supply of outside air (do = 0.0864) is required 
for ventilation at the rate of 90,000 cu ft per hour in the preceding example, then Mo 
— 0.0864 X 90,000 = 7776 lb per hour are required, measured at 65 F. 

Mr M - Mo ^ 38,889 ~ 7776 = 31,113 lb 

, _ 7776 X 0 + 31,113 X 65 „ ^ 

^ 38:889 ^ 

Hi - 38,889 X 0.24 (140 - 52) - 821,336 Btu. 


This amount of work may be accomplished with one or more banks of heating units, 
that is, either a single reheater or a tempering coil and reheater. 


The three preceding cases refer to instaUations in which conditioning 
the air to maintain certain relative humidity requirements does not enter 
into the problem, as for example, certain types of industrial installations. 
In practically all modern public buildings, theaters, schools, and in many 
industrial installations, the ventilating requirements include the provision 
for washing and humidifying the air delivered to the various rooms of the 
structure. 

In the following cases it is assumed that in addition to maintaining a 
mean room temperature t, the heating and ventilating apparatus is 
required to maintain a constant relative humidity in the rooms, 
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Fig. 6. Outside Air Circulated; Constant Relative Humidity in Room (Case D) 


Case D. (Fig. 6) The maximum relative humidity that may be maintained within the 
building without the precipitation of moisture on single glazed sash when the outside 
temperature is 30 F is approximately 35 per cent. If the inside temperature t is 70 F, 35 
per cent relative humidity corresponds to a dew-point temperature of 41 F. (See 
psychrometric chart.) 

The installation shown in Fig. 6 contemplates the use of a tempering coil, an air 
washer provided with a water heater, and a reheater. The tempering coil, one section in 
depth, warms the incoming air to approximately 35 F to prevent freezing any of the spray 
water. The air passing through the spray chamber is saturated and leaves at a tempera- 
ture of k =* 41 F. 

The heat to be supplied the reheater is: 

Hi — 0.24 {k — 41) M Btu per hour. 

The heat to be supplied the tempering coil is: 

Hi — 0.24 (35 — to)M Btu per hour. 

The amount of heat, per pound of air circulated, to be supplied the humidifying washer 
or humidifier is the difference between the heat content of the assumed dry air entering 
the washer at a temperature of iw = 35 F and the leaving saturated air at = 41 F 
(Chapter 1), or: 

15.7 — 8.4 = 7.3 Btu per pound of dry air. 

The amount of heat required for the washer is: 

Hi = 7.3 M Btu per hour. 

The total amount of heat required by the apparatus is, therefore: 

Hi + Hi Hz Btu per hour. 

If a washer having a humidifying efficiency of 67 per cent imthout water heater is em- 
ployed it will be necessary to heat the outside air drawn into the apparatus by means of 
the tempering and preheater coils to such a temperature that the air in passing through 
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the water sprays will become partially saturated (adiabatically) haying a moisture con- 
tent per pound of air equal to saturated air at 41 F. If the incoming air is warmed to 
tw = S8 F (requiring a two-section-depth heating unit) it will be cooled in the washer to 
64 F, with a temperature drop of 88 — 64 = 24 deg. 

If the humidifying efficiency of the washer were 100 per cent, the air would become 
adiabatically saturated at 52 F after a temperature drop of 88 — 52 = 36 F. The 
efficiency of the washer is, however, only 67 percent, so that the actual temperature drop 
will be 0.67 X 36 deg or 24 deg, as used. 

The heat to be supplied the reheater is in this case Hi — 0.24 (^2 — 64) M Btu per 
hour, and the heat to be supplied to the tempering coil and preheater is H 2 = 0.24 
(88 — to) M. The total heat required by the apparatus is Hi + H^, no heat being 
supplied to the washer. 



Fig. 7. Outside Air Circulated; Constant Temperature and Relative 
Humidity Maintained in Each Room {Case E) 


Case E. (Fig. 7) The temperature ty will ordinarily be different for each room 
With H and M fixed, 0.24 {ty - t)M ^ H, or 

"" 0.24 M ^ ^ 

In order to provide the proper temperature for each room, a booster coil 
is generally installed in each supply duct near the outlet to control the out- 
let temperature A* The amount of steam supplied to these booster units 
is usually controlled automatically by individual thermostats. The heat 
required by the booster coils depends on the temperature range through 
which the air is heated and the quantity of air, or 

i?4 - 0.24 {ty - h- tz)M (10) 


Total Heat to be Supplied 

The total heat to be supplied (i?’) is equal to the sum of the heat 
requirements of the various heating units and the water heater of the 
washer, if any, plus the allowance for piping tax. (See preceding Cases 
A to E.) 


Q^n 
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Grate Area, Boiler Selection 

The required grate area may be determined by the following formula: 

^ "" FX EX C 

where 


G = required grate area, square feet. 

F — calorific value of fuel, Btu per pound- 
C — combustion rate, pounds per square foot of grate per hour. 

E = boiler and grate efficiency, per cent. 

Example 6. Using the data in Example 4, and assuming coal having a calorific value 
of 12,000 Btu per pound, a combustion rate of 7 lb per square foot, and a performance 
efficiency of 0.60, and neglecting the piping tax. 

^ _ 1,306,670 _ . 

^ 12,000 X 0.60 X 7 ^ 


Weight of Condensate 


The normal weight of condensate to be handled from central fan sys- 
tems may be estimated by means of the following formula: 


where 


mxQX M 
55.2 X hg 


( 12 ) 


W — weight of condensate, pounds per hour. 

Q — total volume of air, cubic feet per minute. 

Ai = temperature rise of air, degrees Fahrenheit. 
hig — latent heat of steam in the system, Btu per pound. 


Ducts and Outlets, Air Filters, Air Washers 

The design of the duct system should be based on data contained in 
Chapter 20. Air washers and humidifiers are described in Chapter 11. 
For information on air filters, see Chapter 16. 

Static Pressure 

The total static pressure against which the system must operate may 
be found by summing up the static losses through the complete system 
from the outside air intake to the discharge outlets or no 2 zles. This 
means that the loss due to friction must be determined for each piece of 
apparatus involved. Most of these values may be obtained from manu- 
facturers’ data tables. For a simple system, the following static pressure 
drops may be assumed : 

1. Outside air inlet, comprised of screen, louver and short duct, may have a loss of 
0.2 in. of water. 

2. A typical oil filter at rated capacity and velocity has a drop of 0.25 in. of water. 

3. The loss of one row of a standard make tempering stack equals 0.09 in. water. 

4. The loss of one row of a standard make preheater equals 0.10 in. water. 

5. A standard humidifier at rated velocity may have a loss of about 0,35 in. water. 

6. The loss through one row of a standard make reheater equals 0.12 in. water. 

7. A fair assumption for duct losses on a simple system is 0.25 in. water. 

8. The static pressure for a nozzle type outlet may be taken as 0.1 in. water. 
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The sum of these values equals 0.2 + 0.25 + 0.09 + 0.10 + 0.35 
+ 0.12 + 0.25 + 0.1 = 1.46 in. which is the static pressure against which 
the system must operate. 

Fans and Control 

The selection of fans and motors may be based on data contained in 
Chapter 17. Because centrifugal fans reach their maximum efficiency 
when working against the resistance offered by the average central fan 
heating system, they are well adapted to such systems and are generally 
used. Information on temperature control for central fan systems is 
given in Chapter 14. 


PROBLEMS IN PRACTICE 


1 • What are the functions of (a) tempering coils, (b) preheating coils, (c) 
reheating coils, (d) booster coils, (e) water heaters? 

a. Tempering coils raise the temperature of incoming air above the freezing point of 
water. 

b. Preheating coils add to the air sufficient sensible heat above the dew point of the 
conditioned space to evaporate the amount of spray water required for humidification. 
They are used with humidifying type air washers. 

c. Reheating coils raise the air temperature from the dew point to approximately the 
proper delivery temperature. 

d. Booster units are used for more refined individual room temperature control. 

e. Water heaters may be used in place of preheaters. The latent heat of evaporation 
is then supplied directly to the water. 

2 # What saving results from recirculating some of the room air and reducing 
the amount of outside air? 

Because outside air must be heated to room temperature, reducing the amount of outside 
air produces a proportionate saving in heat or fuel. 

3 # What items make up the total heating load in a central fan heating system? 

1. The net heat loss from the conditioned space. 

2. The heat required for evaporation of water for humidification. 

3. The heat required to raise the temperature of outside air to room temperature, 

4. Heat losses from pipes and ducts. 

4 • Why is it necessary to determine the total static pressure of a central fan 
heating system? 

To select a fan of maximum efficiency and to determine the power required to operate 
the fan. 


5 • A group of three drafting rooms, having a total volume of 27,000 cu ft, a 
transmission loss of 110,100 Btuper hour, and an infiltration loss of 34,200 Btu per 
hour on the basis of 0 F outdoors and 70 F room temperature, is to be heated by 
a recirculating hot blast heating system with air entering the rooms at 116 F. 
How many cubic feet per minute, measured at 70 F, will be required? 


Substitute in Equation d. H = 110,100 + 34,200 = 144,300 Btu per hour; ty = 116 F; 
, ^ 55,2H 55.2 X 144,300 r. 

/ = 70 F; Q = - — = — 116 _ 70 — ~ 173,160 cu ft per hour. 

173,160 ^ 


cfm = 


60 


= 2886. 
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6 # In the preceding question, if the hot air loses 4 F between heater and 
rooms, how many pounds of steam per hour at 1-lb gage will the heating 
sections condense? 


Substitute in Equation 12. Q = 2886 cfm, from solution of Question 5; At == 116 -f* 4 
— 70 = 50 F; /zfg = 968 Btu, from steam table in Chapter 1. 


60 X <2 X At _ 60 X 2886 X 50 
55.2 X /zfg 55.2 X 968 


162 lb per hour. 


7 • The same rooms are converted to chemical laboratories, requiring the intro- 
duction of 12 changes of outside air, measured at 70 F, per hour to permit the 
exhaust fans connected to the chemical hoods to maintain only a slight nega- 
tive pressure in the rooms. At what temperature must the air enter the rooms 
to maintain 70 F with 0 F outside? 


Substitute in Equation 2. H = 110,100 + 34,200 = 144,300 Btu per hour; Q — 12 X 
27,000 = 324,000 Btu per hour; r = 70 F; /y = + t = ^^'^324000’^^ + 

= 94.6 F. 


8 • In the preceding question, if the air drops 2 F between the heater and the 
rooms, how many pounds of steam per hour at 1-lb gage will the heating 
system condense? 


Substitute in Equation 12. Q = 5400 cfm; At = 94.6 + 2 == 96.6 F, from solution of 
Question 7; /zfg = 968 Btu, from steam table in Chapter 1. 


60 X <2 X At _ 60 X 5400 X 96.6 
55.2 X hfg 55.2 X 968 


585 lb per hour. 


9 • The combination hot blast heating and ventilating system for the dining 
rooms of a hotel is to heat the rooms to 70 F with 0 F outside, and permit 
the exhaust fan from the adjoining kitchen to draw 5000 cfm from the dining 
rooms. The transmission losses from the dining rooms total 240,000 Btu per 
hour. The infiltration into the dining rooms amounts to 1000 cfm frorn out- 
doors and 1000 cfm from heater rooms. How many cubic feet per minute, 
measured at 70 F, must be supplied the dining rooms if the air enters at 112 F? 


First find the infiltration loss by substituting in Equation 1. 

i = 70 F; /o =0; Mo — d X Q = 0.07495 X 60 X 1000 = 4497 lb per hour. In this case 
d and Q are figured at 70 F. Ho = 0.24 (t - to) ; Mo = 0.24 (70 - 0) X 4497 - 75,550 
Btu per hour. 


Next by substituting in Equation 3, find the cubic feet per hour to be circulated. H = 
sum of transmission and infiltration losses in room = 240,000 + 75,550 = 315,550 Btu 


per hour; ty = 112 F; i — 70 F; Q 


55.2H 

ty - t 


55.2 X 315,550 
112 - 70 


414,700 cu ft per hour. 


414,700 


- 6912. 


10 • In Question 9, 3000 cfm of outside air will be drawn in by the supply fan 
and 3912 cfm will be recirculated. What will be the output of the heating 
sections in Btu per hour if there is a loss of 2 F between the heaters and the 
room? 

The average temperature of the mixture of outdoor and recirculated air entering the 

heater = — ^ = 39.6 F. Air leaves the heater at 112 + 2 = 114 F. 

6912 

Referring to Equation 12, W X hfg = total heat required per hour = - — ' ~ 

Q = 6912 cfm; At = 114 - 39.6 = 74.4 F. ff = ^ ^ ^55^2^ - ^" - = 568,900 Btu 
per hour. 
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11 # When the outdoor wet- and dry-bulb temperatures are 0 F, a certain print- 
ing shop is to be maintained at 75 F and 40 per cent relative humidity by means 
of an air conditioning system having tempering sections, an air washer, and 
reheating sections. The transmission loss is 80,000 Btu per hour and the 
infiltration is 10,000 cu ft per hour, measured at 0 F. No outside air connection 
is provided. How many pounds of air per hour at 120 F must be discharged 
to the shop? 

Infiltration heat loss, by Equation 1 = Ho = 0.24 (t — to) Mq. By Equation 6, Mo = 
doQo — 0.08636 {from Table 6, Chapter 1) X 10,000 = 863.6 lb per hour; t = 75 F; 
to = OF; Ho — 0.24 (75 — 0) 863.6 = 15,544 Btu per hour. Total heat loss in room 
= 80,000 4- 15,544 = 95,544 Btu per hour = H, 


To secure the total weight of air to be introduced into the space, substitute in Equation 
^ = 0.24 f -- t) = o: 24~ 5^^5 ) = 


12 • In the preceding example: (a) How many Btu per hom are used to heat 
the room? (b) How many pounds of water must be evaporated per hour to 
humidify the space? (c) How many Btu wUl be required to evaporate this 
water, basing the latent heat of evaporation on the approximate figure of 
1050 Btu? 

a. Btu to heat room = 95,544 as derived in preceding solution. 

b. Saturated air at 75 F contains 0.01877 lb of water vapor per pound of dry air. At 
40 per cent relative humidity the air would contain 0.40 X 0.01877 = 0.00750 lb of 
water vapor per pound of dry air; at 0 F, saturated air contains 0.00078 lb of water 
vapor per lb of dry air. The amount of water vapor required to humidify the air = 
0.00750 — 0.00078 = 0.00672 lb per cu ft. Infiltration amounts to 863.6 lb per hour as 
derived in the preceding solution, so 863.6 X 0.00672 = 5.80 lb of water vapor per hour 
required. 

c. The heat required to evaporate this water = 5.80 X 1050 = 6090 Btu per hour. 
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MECHANICAL WARM AIR FURNACE 

SYSTEMS 


Fan Furnaces, Fans and Motors, Elimination of Noise, Air Washers 
and Filters, Cooling Methods, Duct Design, Controls, Selecting 
the Furnace, Selecting the Fan, Humidity Provision for Cooling * 
System, Heavy Duty Fan Furnaces 


M echanical warm air or fan furnace heating systems, which are a 
special type of central fan systems, are particularly adapted to 
residences, small office buildings, stores, banks, schools, and churches. 
Circulation of air is effected by motor-driven fans instead of by the 
difference in weight between the heated air leaving the top of the casing 
and the cooled air entering its bottom, as in gravity systems described in 
Chapter 24. The advantages of mechanical systems, as compared with 
gravity systems are: 

1. The furnace can be installed in a corner of the basement, leaving more basement 
room available for other purposes. 

2. Basement distribution piping can be made smaller and can be so installed as to 
give full head room in all parts of the average basement, or be completely concealed 
from view except in the furnace room. 

3. Circulation of air is positive, and in a properly designed system can be balanced in 
such a way as to give a greater uniformity of temperature distribution. 

4. Humidity control is more readily attained. 

5. The air may be cleaned by air washers or filters, or both. 

6. Some cooling effect in summer will result from the installation of a properly 
designed system. 

7. The fan and duct equipment may be utilized for a complete cooling and dehumidi- 
fying system for summer, using either ice, mechanical refrigeration, or low temperature 
water for cooling and dehumidifying, or adsorbers for dehumidifying. 

8. The use of the fan increases the volume of air which can be handled, thereby 
increasing the rate^ of heat extraction from a given amount of heating surface and 
insuring sufficient air volume to obtain proper distribution in a large room. 

Much of the equipment used in central fan systems is the subject matter 
of other chapters. It is the purpose of this chapter to discuss the co- 
ordinated design and to deal in detail only with problems not covered 
elsewhere which refer particularly to the whole problem of fan warm air 
furnace heating and air conditioning. 

FAN FURNACES 

Furnaces for mechanical warm air systems may be made of cast-iron, 
steel, or alloy. Cast-iron furnaces are usually made in sections and must 
be assembled and cemented or bolted together on the job. Steel furnaces 
are made with welded or riveted seams. The proper design of the furnace 
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depends largely on the kind of fuel to be burned. Accordingly, various 
manufacturers are making special units for coal, oil and gas. Each type 
of fuel requires a distinct type of furnace for highest efficiency and econ- 
omy, substantially as follows: 

1. Coal Burning: 

a. Bituminous — Large combustion space with easily accessible secondary radiator 
or flue travel. 

Anthracite or coke — Large fire box capacity and liberal secondary heating 
surfaces. 

2. Oil Burning: 

a. Liberal combustion space. 

b. Long fire travel and extensive heating surface. 

3. Gas Burning: 

a. Extensive heating surface. 

b. Close contact between flame and heating surface. 

A combustion rate of from 5 to 8 lb of coal per square foot of grate per 
hour is recommended for residential heaters. A higher combustion rate is 


A 

3 

C 

D 


Fig. 1. Usual Method of Baffling Round Casings for Fan Furnace Work 

A, Liner, 1 in, from casing. B. Hole to vent bafSe. 

C. Baffle, closed top and bottom. D. Outer casing. 

permissible with larger furnaces for buildings other than residences, 
depending upon the ratio of grate surface to heating surface, firing period, 
and available draft. 

Where oil fuel is used, care must be exercised in selecting the proper size 
and type of burner for the particular size and type of furnace used. It is 
recommended that the system be designed for blow-through installations, 
so that the furnace shall be under external pressure in order to minimize 
the possibility of leakage of the products of combustion into the air 
circulating system. 

In residential furnaces for coal burning, the ratio of heating surface to 
grate area will average about 20 to 1 ; in commercial sizes it may run as 
high as 50 to 1, depending on fuel and draft. Furnaces may be installed 
singly, each furnace with its own fan, or in batteries of any number of 
furnaces, using one or more fans. 

Casings are usually constructed of galvanized iron, 26-gage or heavier, 
but they may also be constructed of brick. Galvanized iron casings should 
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be lined with black iron liners, extending from the grate level to the top of 
the furnace and spaced from 1 in. to 13^ in. from the outer casing. Casings 
for commercial or heavy duty furnaces, if built of galvanized iron, should 
be insulated with fireproof insulating material at least 2-in. thick. It is 
generally believed that either brick or sheet metal casing should be 
equipped with baffles to secure impingement of the air to be heated 
against the heating surfaces. Brick furnace casings should be supplied 
with access doors for inspection. 

For furnace casings sized for gravity flow of air, where a fan is to be 
used, many manufacturers recommend the use of special baffles to restrict 
the free area within the casing and to force impingement of the air against 
the heating surfaces. The method of making these baffles for furnaces 
with top horse-shoe radiators and for furnaces with back crescent radia- 
tors is illustrated in Fig. 1. 

Kither square or round casings may be used- Where square casings are 
used, the corners must be baffled to reduce the net free area and to force 
impingement of air against the heating surfaces. Fig. 2 shows the usual 
method of baffling square furnace casings for fan-fumace work. 




Fig. 2. Method of Baffling Square Furnace Casing for Fan Furnace Work 

A , Baffle, closed top and bottom. B. Liner, 1 in. from 
casing. C. Outer casing. D. Hole to vent baffle. 

The hood or bonnet of the casing above the furnace should be as high 
as basement conditions will allow, to form a plenum chamber over the top 
of the furnace. This tends to equalize the pressure and temperature of the 
air leaving the bonnet through the various openings. It is generally con- 
sidered advisable to take off the warm air pipes from the side of the bonnet 
near the top, as this method of take-off allows the use of a higher bonnet 
and thus provides a larger plenum chamber. Fig. 3 illustrates a complete 
residence fan furnace installation showing location of fan, furnace, filters, 
plenum chamber and method of take-off of warm air pipe. 

FANS AND MOTORS 

Centrifugal type fans are most commonly used, and these may be 
equipped with either backward or forward curved blades. Low tip speed 
is desirable for the elimination of air noise, especially where forward 
curved blades are used. Motors may be mounted on the fan shaft or 
outside of the fan with belt connection. Multi-speed motors or pulleys 
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are desirable to provide a factor of safety and to allow for more rapid 
circulation for summer cooling. 

For additional information on fans and motors, see Chapter 17. 

NOISE ELIMINATION 

Special attention must be given to the problem of noise elimination. 
The fan housing must not be directly connected with metal, either to the 
furnace casing or to the return air piping. It is common practice to use 
canvas strips in making these connections. Motors and their mountings 



Fig. 3. Complete Residence Fan F urnace Installation Showing Location of Fan, 
Furnace, Filters, Plenum Chamber and Method of Take-off of Warm Air Pipe 


A. Transition fitting. 

B. Filters. 

C. Capped opening. 

D. Canvas connection. 

jE. Pulley — 3 diam. V-type. 


F. Eliminator. 

G. Solenoid valve. 
ff. Pressure gage. 

J. Water supply. 

K. Drain. 


must be carefully chosen for quiet operation. Electrical conduit and 
water piping must not be fastened to, nor make contact with, fan housing. 
The installation of a fan directly under a cold air grille is not recommended 
on account of the noise objection. See also Chapter 18. 

AIR WASHERS AND FILTERS 

Washers for residence systems may be provided in separate housings 
to be installed on the inlet or outlet side of the fan, or they may be 
integral with the fan construction. They operate at water pressures of 
from 10 to 30 lb and use two or more spray nozzles for washing and 
humidification. The sprays should be adjusted to completely cover the 
air passages. 

Washers are usually controlled by solenoid valves wired in parallel with 
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the fan motor. The water supply may, in turn, be controlled by a 
humidity-controlling device located in one of the living rooms, so that the 
washer will operate at all times when the fan is in operation, unless the 
relative humidity should rise beyond a desirable percentage. Washers 
used in connection with commercial or heavy duty plants should be a 
regulation type of commercial washer. 

There are many satisfactory types of filters on the market. These 
include dry filters, viscous filters, oil filters and other types, some of which 
must be cleaned, some of which must be cleaned and recharged with oil, 
and some of which are inexpensive and may be discarded when they 
become dirty, and replaced with new ones. 

The resistance of a filter must be considered in the design of the system 
since the resistance rises rapidly as the filter becomes dirty, thus im- 
pairing the heating efficiency of the furnace, in fact, endangering the life 
of the furnace itself. Manufacturers' ratings of filters must be carefully 
regarded, and ample filter area must be provided. Filters must be 
replaced or cleaned when dirty. See also Chapter 16. 

COOLING METHODS 

Some cooling may be obtained under certain conditions by the use of 
basement air. A more positive cooling effect may be obtained through air 
washers where the temperature of the water is sufficiently low (55 F or 
lower), and where a sufficient volume of water can be provided. Unless 
the water is below the dew point temperature of the indoor air at the time 
the washer is started, both the relative and absolute humidities will be 
somewhat increased. 

Coils of copper finned tubing through which cold water is pumped are 
available for cooling. They require less space than air washers and have 
the advantage that no moisture is added to the air when the temperature 
of the water rises above the dew point. Ample coil surface is necessary 
with this type of cooling. 

It is thoroughly feasible to use ice or mechanical refrigeration in con- 
nection with the fan and duct system for the heating installation, and to 
cool the building by this method, provided the building is reasonably 
well constructed and insulated. Windows and doors should be tight, and 
awnings should be supplied on the sunny side of the building. See also 
Chapters 9 and 10. 

Study of these problems sponsored by the American Society of 
Heating and Ventilating Engineers in cooperation with the National 
Warm Air Heating Association is in progress at the University of Illinois. 
The following conclusions may be drawn from the studies thus far com- 
pleted, subject to the limitations of the conditions under which the tests 
were run^: 

1. An uninsulated building of ordinary residential type may require the equivalent of 
three tons of ice in 24 hours on days when the marimum outdoor temp^ature reaches 
100 F if an effective temperature of approximately 72 deg is maintained indoors. 


*See A.S.H,V.E. research paper entitled Study of Summer Cooling in the Research Residence at the 
University of Illinois, by A. P. I&atz and S. Konzo (A, S. H, V. E. Journal Section Heating, Piping an^ Air 
Conditioning, February, 1933). 
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2. The use of awnings at all windows in east, south, and west exposures may result in 
savings of from 20 to 30 per cent in the required cooling load. 

3. The cooling load per degree difference in temperature is not constant but increases 
as the outdoor temperature increases. 

4. The heat lag of the building complicates the estimation of the cooling load under 
any specified conditions and makes such estimates, based on the usual methods of com- 
putation, of doubtful value. 

5. The seasonal cooling requirements are extremely variable from year to year, and 
the ratio between the degree-hours of any two seasons occurring within a 10-year period 
may be as high as 7.5 to 1. Hence an average value of the degree-hours cooling per 
season is comparatively meaningless. 

6. The results of the tests suggest the use of a fan at night either to provide more 
comfortable conditions during the following day without provision for cooling, or to 
reduce the load required for cooling during the following day. Experience has shown that 
the volume of air required for cooling, depending upon the climate and the construction 
of the building, must usually be from 50 to 100 per cent greater than that required for 
heating. If the size of the fan is based upon the summer requirement, its output may be 
reduced sufficiently to meet winter heating needs. 

7. Attic exhaust fans are becoming popular adjuncts for night duty. (See Chapter 13.) 


DUCT DESIGN 

The ducts may be either round or rectangular. Rectangular ducts 
should be as nearly square as possible; the width should not be greater 
than four times the breadth. The radii of elbows should be not less than 



Fig. 4. Three Types of Dampers Commonly Used for Trunk and Individual 

Duct Systems 


one and one-half times the pipe diameter for round pipes, or the equiva- 
lent round pipe size in the case of rectangular ducts. 

The ducts or piping may be designed either as a trunk line system or as 
a system of individual ducts from the furnace casing to each register. The 
engineering problems incident to the design of a trunk line system are 
somewhat more difficult than for the individual duct system. The trunk 
line system is generally a tailor-made job, whereas the individual duct 
system with which either round or square ducts may be used may fre- 
quently be assembled from stock materials and thus installed at a con- 
siderable saving. Individual ducts may frequently be grouped to simulate 
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a trunk duct system in appearance. The design of ducts for air flow is 
described in Chapter 20. 

Dampers 

Suitable dampers are essential to any trunk or individual duct system, 
as it is virtually impossible to so lay out a system that it will be absolutely 
in balance without the use of dampers. Special care must be used in the 
design of any system to avoid turbulence and to minimize resistance. 
Sharp elbows, angles, and offsets should be avoided. See Figs. 1 and 2, 
Chapter 20. 

Three types of dampers are commonly used in trunk and individual 
duct systems. Volume dampers are used to completely cut off or reduce 
the flow through pipes. (See A and B, Fig. 4.) Splitter dampers are used 
where a branch is taken off from a main trunk. (See C, Fig. 4.) Squeeze 
dampers are used for adjusting the volume of air flow and resistance 
through a given duct. (See D, Fig. 4.) It is essential that a damper be 
provided for each main or duct branch. A positive locking device should 
be used with each type of damper. 

Supply and Return Air Registers 

Supply registers located in the floor are effective, but as they require 
frequent attention to keep them clean they should be avoided where 
another effective register location can be found. Unless registers located 
in the baseboard are well proportioned and designed to harmonize with 
the trim, they may be unsightly. Roisters which are located in side walls 
above the baseboard or in the ceiling should be of an effective air-diffusing 
type. All registers should be sealed against leakage around the borders 
or margins. 

Velocities through registers may be reduced by the use of registers 



Fig. 5. Diffusers in Transition Fittings to Equalize Velocities 
Through Register Faces 

larger than the connecting pipes- Some suggestions for equalizing veloci- 
ties over the face area of the register by means of diffusers are illustrated 
in Fig, 5. Merely to use a larger register may not result in materially 
reduced velocities unless such diffusers are used. 

Care should be exercised in making the connection between the supply 
register and its box to prevent streaking of the wall. All warm air 
registers should be equipped with dampers or, better, with diffuser 
dampers which may be used to direct air currents in such a way that they 
will not be objectionable. (See Chapter 19.) 
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CONTROLS 

Air stratification, high bonnet temperatures, excessive flue gas tem- 
peratures, and heat overrun or lag in the system can be largely elimi- 
nated through proper care in the planning and installation of the control 
system. The essential requirements of the control are: 

1. To keep the fire burning when using solid fuel regardless of the weather. 

2. To avoid excessive bonnet temperatures with resultant radiant heat losses into the 
basement. 

3. To avoid the overheating of certain rooms through gravity action during off 
periods of blower operation. 

4. To have a sufficient supply of heat available at all times to avoid lag when the 
room thermostat calls for heat. 

5. To prevent cold air delivery when heat supply is insufficient. 

6. To avoid heat loss through the chimney by keeping stack temperatures low. 

7. To provide quick response to the thermostat, with protection against overrun. 

8. To provide for humidity control. 

9. To provide a means of summer control of cooling. 

10. To protect against fire hazards. 

The following controls are desirable: 

1. A thermostat located at a point where maximum fluctuation in temperature can be 
expected, in order to secure frequent operation of fans, drafts, and burners. This location 
would be near an outside wall but not upon it, in a sun room, or in a room with some 
unusual exposure. The thermostat, of course, should not be located where it will be 
affected by direct radiant heat from the sun or from a fireplace, or by direct heat from 
any warm air duct or register. 

2. A furnacestat located in the bonnet to permit blower operation only between the 
temperatures of 100 F and 150 F. In certain extreme cases it may be necessary, or 
weather conditions may make it advisable, to adjust the high limit to a higher tempera- 
ture than that given. Another location sometimes used for the furnacestat is in the main 
duct near the frame opening from the bonnet. 

3. A protective limit control located in the bonnet to shut down the system inde- 
pendently of the thermostat if the bonnet temperature exceeds 225 F. 

4. On oil and ^as burner installations, a control is usually included which will shut 
down the system if the fire goes out or if there is a failure of the ignition system. 

5. A humidistat to regulate the moisture supplied to the rooms. 

6. On automatic stoker installations, a control is usually included which will start 
the operation regardless of thermostat settings whenever the bonnet temperature 
indicates that the fire is dying. 

While it is usually all right to start and stop the fan in residential con- 
trol work and in auditoriums and other places where many people may 
gather, the fan should as a rule be allowed to run continuously and the 
control should be cared for in other ways. 

SELECTING THE FURNACE 

The following formula may be used to compute the grate area of a 
residence "furnace, assuming a ratio of heating surface to grate area 
of 20 to 1 : 

^ ^ FXCXE 
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where 

G = required grate area, square feet. 

H ~ total heat loss from building, Btu per hour. 

F — calorific value of coal, Btu per pound. 

C — combustion rate in pounds of fuel per square foot of grate per hour. 

E ~ furnace efficiency based on heat available at register faces. 

In practice it is customary to use the following constants : 

F — 13,000 (For specific values, see Table 1, Chapter 27). 

C = 5 to 10 lb (Use 8 lb as maximum in residence work). 

E — 55 per cent to 65 per cent depending on fuel burned. Lower efficiency must 
be used with highly volatile solid fuel. 

Where ratio of heating surface to grate area is less or greater than 20 to 
1, deduct or add 2 per cent from or to rating of furnace for each unit 
decrease or increase in ratio, as the case may be. The foregoing procedure 
for determining the size of the furnace to be used applies to continuously 
heated buildings. 

Although intermittently heated buildings usually have their heat losses 
computed according to the standard rules for determining such losses, 
these rules do not take into account the heat which will be absorbed by 
the cold material of the building after the air is raised in temperature. 
This heat absorption must be added to the normal heat loss of the building 
to determine the load which the heating plant must carry through the 
warming-up process. It is customary to increase the normal heat loss 
figure by from 50 to 150 per cent depending upon the heat capacity of the 
construction material, the higher percentage applying to materials of 
high heat capacity such as concrete and brick. Fan furnace systems are 
well adapted for heating intermittently heated buildings as these systems 
do not require the warming of intermediate piping, radiators, or con- 
vectors, the generation of steam, or the heating of hot water. 

Follow the same methods for an oil furnace as for coal where a con- 
version unit is to be used, making sure that the ratio of heating surface to 
grate area exceeds 20 to 1. If it does not, a size larger furnace should be 
selected. Use the manufacturers' Btu ratings of furnaces designed for 
exclusive use with oil, and select a burner with liberal excess capacity. 

The selection of the proper size gas furnace for a constantly heated 
building can be easily made by using the following American Gas Associa- 
tion formula : 


where 

H — total heat loss from building in Btu per hour. 

R = official A,GA, output rating of the furnace in Btu per hour. 

In the case of converted warm air furnaces a slightly different procedure 
is necessary, as the Btu input to the conversion burner must be selected 
rather than the furnace output. The proper sizing may be done by means 
of the following formula: 

I = 1.56ir (3) 
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where * 

I — Btu per hour input. 

The factor 1,56 is the multiplier necessary to care for a 10 per cent heat 
loss in the distributing ducts and an efficiency of 70 per cent in the con- 
version burner. 


SELECTING THE FAN 

Choose a fan which, according to its manufacturer’s rating, is capable 
of delivering a volume of air, expressed in cubic feet per minute, against 
a frictional resistance, expressed in inches of water, computed by adding 
together the following items: 

1. The frictional resistance of a warm air trunk or leader. 

2. The frictional resistance of a return air trunk or duct. 

3. The resistance to the flow of total volume of air through the furnace casing or hood, 
which is usually considered from 0.10 to 0.15 inches of water. 

4. The frictional resistance through any other accessories, such as washers or filters. 

5. A factor of safety of 10 per cent of the resistance calculated above. 

HUMIDITY 

Mechanical warm air systems offer an excellent means of proportioning 
and distributing moisture-bearing air; consequently, during the winter 
months humidifiers may be employed to deliver water vapor to the fan- 
driven air stream in proper amounts to produce a more humid atmos- 
phere, with increased comfort for people and increased life for household 
furnishings. Temperatures and relative humidities should be governed 
within the limits of the generally accepted standards. See Chapters 2 and 
3 for more detailed information on this point. 

In earlier types of furnaces, water evaporating pans were usually placed 
in the cool portions of the air stream, but modern types usually locate 
them in air which has been heated by contact with the heating surfaces. 
To change water into vapor capable of being carried in an air stream as 
part of the -mixture, about 1000 Btu per pound are required. Without 
the addition of this heat, termed the latent heat of evaporation, water 
injected into the air will be carried along in the form of tiny globules until 
it falls out of the stream or is deposited upon some surface. . 

Furthermore, when dry air is in contact with water for a sufficient 
length of time without the presence of a sizable body of water or a source 
other than air from which this latent heat of evaporation can be taken, 
such heat is supplied from the air. There is, therefore, a trend in present 
practice toward heating the water in addition to heating the air. Equip- 
ment for doing this may make use of sprays, or it may take the form of 
water circulating coils placed within the combustion chamber and con- 
nected by pipes to the humidifier pans where a constant water level is 
maintained by some separate float device. (See Chapter 11.) 

PROVISION FOR COOLING SYSTEM 

If the system is to be used for cooling, the following provisions should 
be made: 
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1. Where cooling is to be secured through air circulation only: 

a. Provide for an increase of 50 to 100 per cent in fan capacity through multi-speed 
pulleys or other means, 

h. If basement air or outside night air is to be used, provide suitable basement 
opening in duct system, or outdoor air intake. 

2. Where water below 55 F or artificial refrigeration or ice is to be used: 

a. Provide outside air duct for circulation of cool night air for economy. 

h. Make provision in return duct system for cooling unit. 

c. Make provision for control of the fan speed, during winter operation, to give 
a sufficient and draftless air movement. 


HEAVY DUTY FAN FURNACES 

Fan furnaces for large commercial and industrial buildings are available 
in sizes ranging from 400,000 to 3,000,000 Btu per hour per unit. Heavy 
duty heaters may be arranged in combinations of one or more units in a 
battery. A few possible arrangements are shown in Figs. 6 to 13, in-, 
elusive. 

Most manufacturers of heavy duty furnaces rate their furnaces in Btu 
per hour and also in the number of square feet of heating surface. Con- 
servative practice indicates that at no time in the heating-up period 
should the furnace surface be required to emit more than an average of 
3500 Btu per square foot. A higher rate of heat emission tends to increase 
the heat loss up the chimney, and raise fuel consumption, to shorten the 
life of the furnace, and to overheat the ain The ratio of heating surface 
to grate area on furnaces for this type of work should never be less than 
30 to 1 and as indicated previously may run as high as 50 to 1. 

Control of temperature is secured through (1) controlling the quantity 
of heated air entering the room, (2) using mixing dampers, or (3) regu- 
lating the fuel supply. 

The design of heavy duty fan furnace heating systems is in many 
respects similar to that of the central fan heating systems described in 
Chapter 22. Ducts are designed by the method outlined in Chapter 20. 


PROBLEMS IN PRACTICE 


1 # Why do furnaces designed to burn bitiuninous coal, oil, or gas require 
larger combustion spaces than those deigned for anthracite? 

Anthracite bums largely as fixed carbon whereas gas and oil bum as gases, and as much 
as 50 per cent of bituminous coal bums as a gais. Ample space must be provided for the 
intimate mixture of these gases with the oxygen of the air to secure proper combustion. 

2 • A furnace has the following dimensions; Grate diameter, 24 in.; casing 
diameter for gravity air flow, 56 in.; combustion chamber diameter, 30 in. 
What is the unobstructed area required for passage of air across the heating 
surface when a motor-driven blower, operating at an outlet velocity of 1200 fpm, 
delivers 1600 cfm into the casing near its bottom? 

For residence applications using small blowers, an air outlet velocity of about one third 
of the blowef outlet velocity is considered good practice. 
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Air-pass velocity = — ^ — = 400 fpm. 

A • 1600 . 

Air-pass area = — = 4 sq ft = 576 sq in. 

3 • In Question 2 what would be the gap between the chamber and the baffle 
when the chamber is centered in the casing? 

Area of combustion chamber (30-in. diam) 706.9 sq in. 

Area of air pass 576.0 sq in. 

Total area 1282.9 sq in. 

The diameter of a circle with an area of 1282.9 sq in. is 40.4 in. One half of the difference 
between the diameters is the amount of gap. 

Gap = = 5.2 in. = approximately 5K in. 

4 • Why should secondary surface be designed for easy cleaning? 

If the combustion is not perfect, soot is formed immediately above the fire and is apt 
to form a deposit on the secondary surface from which it should be removed. If the 
secondary surface is so designed that there are horizontal passages, fine gray ash will 
settle out in these to form an insulation between the hot gases of combustion and the 
metal of the fiirnace; consequently, these should be readily cleaned. If the passages are 
vertical they are largely self-cleaning of ash, but provision should be made for easy and 
thorough cleaning of the collection chamber below them. 

5 • Why is baffling inside the casing necessary on fan systems? 

Because the movement of air is independent of its temperature, air must be guided by 
baffles of one form or another to bring it in contact with the hot surfaces so it will not 
pass through the casing unheated. On the other hand, if the air is held against a hot 
surface too long it might become overheated, for the average register temperature on a 
fanj^system should not exceed 120 F. 

6 • Why do buildings which are intermittently used require more heating 
capacity than buildings constantly used? 

Between heating periods the intermittently used building is allowed to cool down. All 
of the material in the building loses heat, and before the building can be reheated to a 
comfortable temperature this material must also be reheated - 

7 # What practical points should be observed in designing a fan system in order 
to eliminate noise? 

a. Use a large fan so it can be run at slow speed. 

b. Set the fan and motor on a solid foundation. 

c. Insulate the fan and motor from the foundation with rubber, cork, or other springy 
material according to the principles given in Chapter 18, provided, of course, that such 
insulation is of value. 

d. See that the air velocity is not too high in the ducts. Properly designed splitters in 
the elbows will avoid high velocities at the turns in cases where the velocity through the 
ducts themselves is not too high. 

( 3 . Use canvas connections between the ducts and any running equipment. 

/. Be sure the ducts have a relatively smooth interior and are rigid. 
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Chapter 24 


GRAVITY WARM AIR FURNACE 
SYSTEMS 


Procedure for Design, Estimating Heating Requirements, Sizes of 
Leader Pipes, Proportioning Wall Stacks, Register Sizes, Recircu^ 
lating Ducts and Grilles, Return Connection to Furnace, Furnace 
Capacity, Examples, Booster Fans 


W ARM air heating systems of the gravity type are described in this 
chapters and those of the mechanical type are described in Chapter 
23. In the gravity type, the motive head producing flow depends upon 
the difference in weight between the heated air leaving the top of the 
casing and the cooled air entering the bottom of the casing, while in the 
mechanical type a fan may supply all or part of the motive head. Booster 
fans are often used in conjunction with gravity-designed systems to 
increase air circulation. 

In general, a warm-air furnace heating plant consists of a fuel-burning 
furnace or heater, enclosed in a casing of sheet metal or brick, which is 
placed in the basement of the building. The heated air, taken from the 
top or sides near the top of the furnace casing, is distributed to the 
various rooms of the building through sheet metal warm-air pipes. The 
warm-air pipes in the basement are known as leaders, and the vertical 
warm-air pipes which are run in the inside partitions of the building are 
called stacks. The heated air is finally discharged into the rooms through 
registers which are set in register boxes placed either in the floor or in 
the side wall, usually at or near the baseboard. 

The air supply to the furnace may be taken (ly entirely from inside 
the building through one or more recirculating ducts, (2) entirely from 
outside the building, in which case no air is recirculated, or (3) through a 
combination of the inside and the outside air supply systems. 

PROCEDURE FOR DESIGN 

The design of a furnace heating system involves the determination 
of the following items: 

1. Heat loss in Btu from each room in the building. 

2. Area and diameter in inches of warm-air pipes in basement (known as leaders). 

3. Area and dimensions in inches of vertical pipes (known as wall stacks). 

4. Free and gross area and dimensions in inches of warm-air registers. 

5. Area and dimensions of recirculating or outside air ducts, in inches. 

6. Free and gross area and dimensions in inches of recirculating registers. 

^Ali figures and much of the engineering data which follow are from Bulletins No. 141, 1S8 and 189, 
Warji}, Air Furnaces and Heating Systems, Part II, by Professor A. C. Willard, A. P. Kratz, and V. S. 
Day, Engineering Experiment Station, University of Illinois. 
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/ . Size of furnace neces^ry to supply the warm air required to overcome the heat 
loss from the building. This si^ should include square inches of leader pipe area which 
the furnace must supply. It is also desirable to call for a minimum bottom fire-pot 
diameter in inches, which is the nominal grate diameter. • 

8. Area and dimensions in inches of chimney and smoke pipe. If an unlined chimney 
is to be used, that fact should be made clear. 

The heat loss calculations should be made in accordance with the 
procedure outlined in Chapter 7, taking into consideration the trans- 
mission losses as well as the infiltration losses. * 

SIZES OF LEADER PIPES 

In a gravity circulating warm-air furnace system the size of the leader 
to a given room depends upon the temperature of the warm air entering 
the room at the register. A reasonable air temperature at the registers 
must, therefore, be chosen before the system can be designed. The 
National Warm Air Heating Association has approved an air temperature 
of 175 F at the registers as satisfactory for design purposes. At this tem- 
perature, the heat-canying capacity (heat available above 70 F) per 
square inch of leader pipe per hour for first, second or third floors is shown 
by Fig. 1 at 175 F to be 105, 170 and 208 Btu, respectively. For average 
calculations, the values 111, 166 and 200 will simplify the work and may 
be satisfactorily substituted for these heat-carrying capacities. If H 
represents the total heat to be supplied any room, the resulting equations 
are: 

H 

Leader areas for first floor, square inches « approximately O.OOOiT (1) 

H 

Leader areas for second floor, square inches = = approximately 0.006H (2) 

Leader areas for third floor, square inches = Jqq — approximately Q.005H (3) 

In designing for a lower warm-air register temperature, say 160 F, the 
factors 111, 166 and 200 become 80, 140 and 166 (Fig. 1 at 160 F), and 
the resulting equations are: 

Leader areas for first floor, square inches = -gg- = approximately 0.012H (4) 

H 

Leader areas for second floor, square inches = jjg = approximately QM7II (5) 

JS[ 

Leader areas for third floor, square inches = jgg = approximately O.OOfljS” (6) 

These equations are applicable to straight leaders from 6 to 8 ft in 
length. Longer leaders must be very thoroughly covered or else the 
vertical stacks must be increased in area as discussed under wall stacks. 
If some provision is not made for these longer leaders, the air tempera- 
ture may be much lower than anticipated and the room will not be 
properly heated. 

While Fig. 1 takes care of the drop in temperature in straight leaders 
up to 8 ft in length connected to stacks having about 75 per cent of the 
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area of the leader, the designer must make allowances for all other 
conditions. The temperature drop in leaders of various lengths at three 
different register temperatures is shown in Fig. 2, and should be used to 
obtain new register temperatures, lower than 175 F, on which to base 
selections from the curves of Fig. 1, and thereby new constants for 
Equations 1, 2 and 3. 

Leader sizes should in general be not less than those obtained by 
Equations 1 to 3 nor should leaders less than 8 in. in diameter be used. It 
is not considered good commercial practice to specify diameters except 
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Fig. 3. Relative Heating Effect of Stacks at Constant Heat 
Input to Furnace 

JVcrftf. — ^Exterior surface of all ducts is bright tin except at joints 
' where asbestos sealing strips are used. 

in whole inches. The tops of all leaders should be at the same elevation as 
they leave the furnace bonnet, and from this point there should be a 
uniform up-grade of 1 in. per foot of run in all cases. Leaders over 12 ft 
in length are to be avoided or should receive very special attention. 


PROPORTIONING WALL STACKS 

The wall stack for an upper floor should be made not less than 70 
per cent of the area of the leader which has been selected from Fig. 1. 
So long as the leader is short and straight as was the case for Fig. 1, 
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such a practice is probably justified, since the loss (Fig. 3) in capacity 
occasioned by the smaller stack is not very serious for stacks having 
areas in excess of 70 per cent of the leader area. For leaders over 8 ft 
in length or for leaders which are not straight, the ratio of stack area to 
leader area should be greater than 70 per cent in order to offset the 
greater temperature losses (Fig. 2) in the longer leader. In gravity 
circulating systems, this stack to leader area ratio is a very important 
consideration. Specific data for a great variety of cases are presented 
in Figs. 4 and 5 and the designer should check the stack to leader com- 
binations with the nearest comparable case as shown in these figures. 
Any second-floor stack supplying heat to a room whose heat loss is 9,000 
Btu or more (see Figs. 4 and 5 which show that high temperatures 
are necessary if rooms of more than 9,000 Btu requirement are heated by 
one stack each in 4-in. studding) should be run within 6-in. studded walls 
or should have multiple stacks. Stack sections, wherever possible, should 
be changed from the thin rectangular to the more nearly square shape. 

REGISTER SIZES 

The registers used for discharging warm air into the rooms should have 
free or net area not less than the area of the leader in the same run of 
piping. The free area should be at least 70 per cent of the gross area 
of the register. No upper- floor register should be wider horizontally 
than the wall stack, and it should be placed either in the baseboard or 
side wall, if this can be done without the use of offsets. First-floor registers 
may be of the baseboard or floor type, with the former location preferred. 

RECIRCULATING DUCTS AND GRILLES 

The ducts through which air is returned to the furnace should be 
designed to minimize friction and turbulence. They should be of ample 
area, in excess of the total area of warm-air pipes, and at all points where 
the air stream must change direction or shape, streamline fittings should 
be employed. Horizontal ducts should pitch at least in. per foot 
upward from the furnace. 

The recirculating grilles (or registers) should have a free area at least 
equal to the ducts to which they connect, and their free area should 
never be less than 50 per cent of their gross area. 

The location and number of return grilles will depend on the size, details 
and exposure of the house. Small compactly built houses may frequently 
be adequately served by a single return effectively placed in a central hall. 
More often it is desirable to have two or more returns, provided, however, 
that in two-story residences one return must be placed to effectively 
receive the cold air returning by way of the stairs. 

Where a divided system of two or more returns is used, the grilles 
must be placed to serve the maximum area of cold wall or windows. 
Thus in rooms having only small windows the grille should be brought 
as close to the furnace as possible, but if the room has a bay window, 
French doors, or other large sources of cooling or leakage of cold air, the 
grille should Ido placed close by, so as to collect the cool air and prevent 
drafts. When long ducts of this type are employed they must be made 
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oversize and favored in every way. This precaution is particularly 
important when long ducts and short ducts are used in the same system. 



Return ducts from upstairs rooms may be necessary in apartments 
or other spaces closed off or badly exposed. Metal linings are advisable 
in such ducts. It is important that these ducts be free from unnecessary 


S94 





Chapter 24 — Gravity Warm Air Furnace Systems 


friction and turbulence, and that they be located to prevent preheating 
of the air before it reaches the furnace* 



Return Connection to Furnace 

' Circulation is accelerated if the drop to the furnace is through a round 
inclined pipe with, say, two 45-deg elbows rather than through a vertical 
drbp and two 90-deg elbows. The top of the shoe should never enter 
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the casing above the level of the grate in the furnace. To accomplish 
this the shoe must be wide. 

Tests of six different systems of cold air returns, Fig. 6, made at the 
University of Illinois^, resulted in the following conclusions: 

1. In general, somewhat better room temperature conditions may be obtained by 
returning the air from positions near the cold walls. 

2. Friction and turbulence in elaborate return duct systems retard the flow of air, 
and may seriously reduce furnace efficiency, and lessen the advantages of such a design. 

3. The cross-sectional duct area is not the only measure of effectiveness. Friction 
and turbulence may operate to make the air flow out of all proportion to the various 
duct areas. 



/ A/o.Z A/o3 

Area of /na/a a^r o/ucrjs 8S4 a// cases 

Area of i^rm~a/r fi/pes $3Z ■s<f //? P/pes act cAaaffeef 



Fig. 6. Arrangement of Cold Air Returns for Six Installations 

FURNACE CAPACITY 

The size of furnace should, of course, be such as will provide the 
necessary air heating capacity, usually expressed in square inches of 
leader pipe area, and at the same time provide a grate of the proper 
area to burn the necessary fuel at a reasonable chimney draft. The total 
leader pipe area required is easily obtained by finding the sum of the 
leader pipe areas as already designated. 

The grate area will depend on several factors of which four are very 
important. First of all, the air temperature at the register for which 
the plant has been designed must be determined. Usually, this tempera- 
ture is taken as 175 F. Second in importance is the combustion rate, 
which must always correspond with the register air temperature^ as is shown 
by reference to a set of typical furnace performance curves (Fig. 7) for a 
cast-iron circular radiator furnace with a 23-in. diameter grate and 50-in. 
diameter casing. The conditions shown on these curves which seem to 

* Investigation of Warm-Air Furnaces and Heating Systems, Part iV, by A. C. Willard, A. P. Kratz and 
V. S. Day (University of Illinois Engineering Experiment Station Bulletin No. 189). 
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approximate nearest to the 175 F register warm-air temperature are: 
combustion rate, 7 lb; warm-air register temperature, 173 F ; efficiency of 
the furnace, 58.5 per cent. The third factor is efficiency, which, in turn, is 
a function of the combustion rate varying with it as shown by the effi- 
ciency curve of Fig. 7. The fourth factor is the heat value per pound of 
fuel burned, which was 12,790 Btu. This is not shown on the curves since 
it was constant for all combustion rates. 



F iG. 7. Typical Performance Curves for a Warm Air F urnace and Installation 
IN A Three Story Ten Leader Plant, Operating on Recirculated Air 

From the relation existing among these factors it is found (Fig. 7) that 
the capacity of the furnace under test is 147,750 Btu per hour for the total 
grate, which gives the capacity at the furnace bonnet per square foot of 
grate as 51,200 Btu and per square inch of grate as 356 Btu per hour. 

Suppose it is desired to select a furnace to deliver air to the rooms at a 
register temperature approximating 160 F rather than 175 F. Referring 
to the curves, the relation is: combustion rate, 5.5 lb; register warm-air 
temperature, 160 F ; and efficiency of the furnace, 62 per cent. Under this 
condition the capacity of the furnace at the furnace bonnet per square 
foot of grate area is 43,200 Btu per hour, and per square inch of grate it is 
300 Btu per hour. From these performance values^ the grate area for any 
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Fig, 9. First-Floor Plan, Research Residence 
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plant requirement (allowing 20 per cent heat loss between furnace and 
registers) will be: 

1 2 H 

Grate area (175 F register temperature), square inches = = O.OOS^JfJ (7) 

ooo 

1 2 

Grate area (160 F), square inches = " ooK = 0.0040S’ (8) 


Here H = Btu heat loss from the entire house per hour = summation 
of all room losses i?i + fl '2 + etc. + the Btu necessary to heat the fresh 
air, if any, at intake. This fresh air loss in Btu per hour will be approxi- 
mately 1.27 times the cubic feet of air admitted through the intake per 
hour on a zero day. For systems which recirculate all the air this value 
will be zero. For systems which have a fresh air intake, controlled by 
damper, this value might well be approximated, since this loss will 
probably be reduced to a minimum on a zero day. Assume for such cases 
that the building loss is increased by 25 per cent, and that there is the 
usual 20 per cent loss between furnace and registers. 

It is not always possible to obtain performance curves, and the fol- 
lowing method is suggested as being a close check. An addition of 2 per 
cent of the furnace capacity is proposed for each unit that the heating 
surface to grate area ratio of the furnace exceeds 20. This addition is 
based on tests made at the University of Illinois, of four types of furnaces 
having various ratios of heating surface to grate area. 

Let E = efficiency of the furnace. 

/ = fuel value of the coal, Btu per pound. 
p == pounds of coal burned per square foot of grate per hour. 

R =* ratio of heating surface to grate area. 

H ~ total heat requirements of the house. 


Grate area, square inches = 


1.2 X 144 FT 
[ 1 + 0.02 {R - 


for all inside air. 


For coal having a heat value of 12,000 Btu, and a furnace having 60 per 
cent efficiency, with 6 lb of coal burned per square foot of grate per hour, 
and 20 sq ft of heating surface for 1 sq ft of grate, this becomes : 


1.2 X 144 if 


Grate area, square inches = q ^"x 12 OOQ X 6 inside air, 


and for another furnace having 24 sq ft of heating surface for 1 sq ft 
of grate the expression is 

12 X 111 H 

Grate area, square inches = o.60 X 12,000 X 6 [1 + 0.02 (24 - 20)] 

The air temperatures at the registers corresponding to the conditions 
of Equation 11 would be approximately 165 F, and for 176 F and 12,000 
Btu the combustion rate would be about 7.5 lb with an efficiency of 
57 per cent, using the curves of Fig. 7 as a guide. 


TYPICAL DESIGN 

The application of the preceding data to an actual example may be of 
assistance to the designer. Figs. 8, 9, 10 and 11 represent the plans of 
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the Warm Air Research Residence of the National Warm Air Heating 
Association erected at the University of Illinois^. 

Leaders, Stacks and Registers. (Direct Method) 

Living Roonif 1st floor: 

17,250 -j- 111 = 155 sq in. leader area. See summary, Table 1; also example under 
Standard Code^, Art. 3, Basis of Working Rules for Pipes. 

Leader diameter = 14 in. 

Register size = 155 sq in. net area. Gross area = net area 0.7 == 14 in. X 16 in. 
Owner ^s Room, 2nd floor: 

15,030 167 = 90 sq in. leader area. See Summary Table; also example under 

Standard Code^, Art. 3, Basis of Working Rules for Pipes. 

Leader diameter = 11.4, say 12 in. 

Stack area = 0.7 X 90 = 63 sq in. = say 5 in. X 12 in. 

Register area = 90 sq in. net area. Gross area = net area 0.7 = 12 X 12 

or 12 in. X 14 in. 

In like manner the leaders, stacks and registers are calculated for each 
room in the house. 

Leaders, Stacks and Registers. (Code ^ Method. See Art. 3, Sec. 1, 2, 3.) 

Living Room (Glass « 90, Net wall = 405, Cubic contents = 2405) 

. , / 90 , 405 ^ 2405 \ . 

Leader = + -ggg- j 9 = 155 sq m. 

Register, same as Direct Method. 

Owner's Room (Glass = 68, Net wall = 394, Cubic contents = 2275) 

, ^ / 68 , 394 j 2275 \ « oo • 

Leader = _ + — + — j 6 = 90 sq m. 

' Stack and Register, same as Direct Method. 

Assuming all air recirculated, the minimum furnace for the plant 
will be: 

Grate area = 0.0034 X 132,370 — 450 sq in. — 24 in. diameter at 175 F 
register temperature. (Equation 7) 

Grate area = 0.0040 X 132,370 — 530 sq in. = 26 in. diameter at 160 F 
register temperature. (Equation 8) 

If provision should be made for certain outside air circulation, then 
increase the building heat loss by, say 25 per cent and obtain by Equation 
7 a 27-in. grate and by Equations 8 and 10 a 29-in. grate. 

Experiments at the University of Illinois® have shown that the capacity 
of a furnace may be increased nearly three times by an adequate fan, 


api a n a used with permission. Bathroom on third floor not heated. 

^Standard Code Regulating the Installation of Gravity Warm Air Heating Systems in Residences. 
This code has been sponsored by the National Warm Air Heating Association, the National Association of 
Sheet Metal ConiraUars, and the American Society of Heating and Ventilating Engineers. It is 
recommended that the installation of all gravity warm air heating systems in residences be governed by 
the provisions of this code, the eighth edition of which may be obtained from the National Warm Atr Heaitng 
Association, 3440 A.I.U. Building, Columbus, Ohio. 

*See University of Illinois Rng. Exp. Sta, Bulletin No, 120, p. 129. 
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with a constant register or delivery temperature maintained, provided 
that the rate of fuel consumption can be increased to provide the necessary 
heat. In other words, the capacity of a forced circulation systern is limited 
by the ability of the chimney to produce a sufficient draft. 


Table 1. Summary of Data Applied to Warm Air Research Residence 


Rooms 

From 
Chapter 7 
Estimating 
Heat Losses 
Btu 

Heat Losses 
H 

Leader 

Area 

Sq In. 

Stack Area 
Sq In. 

0.7 X LA 

Leader 

Diameter 

Inches 

Stack 

Size 

Net 

Register 

Size 

Gross 

First Floor 


= O.OOQH 





Living 

17250 

155 


14 


14 X 16 

Dinirigr 

6810 

61 


9 


8 X 12 

Breakfast 

2300 

21 


8 


8 X 10 

Ritrli/an 

9210 

83 


11 or 12 


12 X 14 

8nn_ 

25710 

230 


Two 12 


Two 12 X 14 

Hall and stair 

12570 

113 


12 


12 X 14 

Second Floor 


= 0.006H 



1 


Owner's 

15030 

90 

63 

11 or 12 

5 X 12 

12 X 14 

S. W. Bed.>... 

9800 

59 

41 

9 

m X 12 

8 X 12 

Bath 

2450 

15 

10 

8 

3 X 10 

8 X 10 

N. Bed 

14800 

89 

62 

11 or 12 

5 X 12 

12 X 14 

Third Floor 


! * 0.005H 





E. Bed. 

8220 

i 41 

29 

8 

1 3 X 10 

8 X 10 

W. Bed 

8220 

41 

29 

8 

1 3 X 10 

8 X 10 


BOOSTER FANS 

Booster fans often may be arranged to operate when gas or oil burners 
are running and to stop automatically when the burners shut down. The 
booster equipment is most effective in increasing output at low operating 
temperatures. According to tests, efficiencies may be advanced from 60 
per cent for gravity to 70 per cent with boosters at low operating tem- 
peratures, but at high operating temperatures gravity and booster 
efficiencies are almost identical®. 


•See University of Illinois Eng. Exp. Sta. Bulletin No. 141, p. 79. 


PROBLEMS IX PRACTICE 

1 • A first story dining room has a calculated heat loss of 12,000 Btu per hour. 

a. What size leader pipe should be used for 175 F register air temperature? 

b. What size register? 

a. Leader area == = 108.1 sq in. Use leader with diameter of 12 in. 

108 

b. Register gross area — — 154 sq in. Use 12 in. by 14 in. register. 
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2 • A third-story bedroom has a calculated heat loss of 12,000 Btu per hour. 

a. What size leader pipe should be used for a 175 F register air temperature? 

b. What size stack? 

c. What size register? 

a. Leader area = = 60 sq in. Use leader with diameter of 9 in. 

h. Stack area = 0.7 X 60 = 42 sq in. Use stack 3H in. by 12 in. 

60 

c. Register gross area = = 85.7 sq in. Use register 8 in. by 12 in. 


3 • The calculated heat loss of a house is 130,000 Btu per hour. Find the grate 
area required for the furnace under the following conditions : 


Heating value of coal = 12,500 Btu per lb. 

Furnace efiSciency = 55 per cent. 

Combustion rate — 7.5 lb per sq ft per hour. 

Ratio of heating surface to grate area of furnace = 20 to 1. 
Register temperature — 175 F. 

Loss between furnace and registers = 20 per cent. 


Grate area == 


1.2 X 144 X 130,000 
0.60 X 12,500 X 7.5 


399.5 sq in. 


Grate diameter — 22.6 in. 

Use grate with diameter of 23 in. 


4 • If in Question 3 the conditions were the same except that the ratio of 
heating surface to grate area of furnace was 24 to 1, what size grate would be 
required for the furnace? 


Grate area = 


1.2 X 144 X 130,000 
0.60 X 12,500 X 7.5 


X 


1 

1 + 0.02 (24 - 20) 


399.5 

1.08 


— 370 sq in. 


Grate diameter = 21.7 sq in. 

Select grate with diameter of 22 in. 


5 • Name the items involved in the design of a furnace heating system, 
n. Heat loss from each room, Btu. 

h. Area and dimensions of warm-air pipes in basement, inches. 

c. Area and dimensions of vertical pipes, inches. 

d. Free and gross area and dimensions of warm-air registers, inches. 

e. Area and dimensions of recirculating or outside air ducts, inches. 

/. Free and gross area and dimensions of recirculating registers, inches. 

g. Size of furnace necessary to supply the warm air to overcome the heat loss. 

h. Area and dimension of chimney and smoke pipe, inches. 


6 • Discuss the design features of recirculating ducts. 

a. Their area should be equal to or greater than that of the supply ducts. 
h. They should be streamlined, and have a minimum number of turns. 

c. All runs should be as short as possible. 

d. Account should be taken of all cold walls and window areas in determining sizes and 
positions of return air inlets. 

e. The return line should be pitched downward toward the furnace. It should be 
designed to minimize friction. 

/. The top of the shoe or boot should never be above the grate level. 
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7 # Discuss the use of a booster fan. What effect has a booster fan at low 
operating temperatures? At high ones? 

A booster fan is useful in accelerating the air flow past the surface of a low temperature 
furnace, where only a small weight differential in the air is created, and in unbalancing 
a gravity system so flow is established. The first use involves the entire plant, and 
increases efficiency about 10 per cent with low temperature operation; the second 
involves only the leaders in which air flow is accelerated. At high operating tempera- 
tures the difference in weight between warm outgoing air and cool incoming air is great 
enough to make a booster unnecessary with ordinary gravity systems. 
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BOILERS 


Ckist-Iron Boilers, Steel Boilers, Special Heating Boilers, Gas- 
Fired Boilers, Hot Water Supply Boilers, Furnace Design, Heating 
Surface, Testing and Rating Codes, Output, Efficiency, Selection 
of Boilers, Connections arid Fittings, Erection, Operation and 
Maintenance, Boiler Insulation 


S TEAM and hot water boilers for low pressure heating work are built in 
a wide variety of types, many of which are illustrated in the Catalog 
Data Section, and are classified as (1) cast-iron sectional, (2) steel fire 
tube, (3) steel water tube, and (4) speciaL 

CAST-IRON BOILERS 

Cast-iron boilers may be of round pattern with circular grate and hori- 
zontal pancake sections joined by push nipples and tie rods, or of rec- 
tangular pattern with vertical sections. The latter type may be either of 
outside header construction where each section is independent of the other 
and the water and steam connections are made externally through these 
headers, or assembled with push nipples and tie rods, in which case the 
water and steam connections are internal. 

Cast-iron boilers usually are shipped knocked down to facilitate hand- 
ling at the place of installation where assembly is made. One of the chief 
advantages of cast-iron boilers is that the separate sections can be taken 
into or out of basements and other places more or less inaccessible after 
the building is constructed. This feature is of importance in making 
repairs to or replacing a damaged or worn out boiler and should be given 
consideration in the original selection. Sufficient space should be pro- 
vided in the boiler room for assembling the boiler and for disassembling it 
conveniently if repairs are needed. With the outside header type of boiler 
a damaged section in the middle of the boiler can be removed without 
disturbing the other sections and sufficient side clearance should be 
provided for this contingency. 

Capacities of cast-iron boilers range from that required for small 
residences up to about 18,000 sq ft of steam radiation. For larger loads, 
cast-iron boilers must be installed in multiple, or a steel boiler must be 
used. In most cases cast-iron boilers are limited to working pressures of 
1 5 lb for steam and 30 lb for water. Special types are built for hot water 
supply which will withstand higher local water pressures. 

STEEL BOILERS 

Two general classifications may be applied to steel boilers: first, with 
regard to the relative position of water and hot gases, distinguished as fire 
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tube or water tube; second, with regard to arrangement of furnace and 
flues, as (1) horizontal return tubular (HRT) boilers, (2) portable (self- 
contained) firebox boilers with either water or fire tubes, and (3) water 
tube boilers of the power type. 

Fire tube boilers are constructed so that the water available to produce 
steam is contained in comparatively large bodies distributed outside of the 
boiler tubes, the hot gases passing within the tubes. In wciter tube boilers, 
the water is circulated within the boiler tubes, heat being applied ex- 
ternally to them. 

The HRT boiler is the oldest type and consists of a horizontal cylin- 
drical shell with fire tubes, enclosed in brickwork to form the furnace and 


Table 1. Practical Combustion Rates for Small Coal-Fired Heating Boilers 
Operating on Natural Draft of from in. to H in. Waters 


Kind op Coal 

So Ft Grate 

Lb op Coal per Sq Ft 

Grate per Hour 


Up to 4 

3 


5 to 9 

m 

No. 1 Buckwheat Anthracite 

10 to 14 

4 


15 to 19 

1 4H 


20 to 25 

5 


Up to 9 

5 

Anthracite Pea 

10 to 19 

5H 


20 to 25 

6 


Up to 4 

8 


5 to 9 

9 

Anthracite Nut and Larger 1 

10 to 14 

10 

15 to 19 

11 


20 to 25 

13 


Up to 4 

9.5 

Bituminous 

5 to 14 

12 


15 and above 

15.5 


aSteel boilers usually have higher combustion rates for grate areas exceeding 16 sq ft than those indicated 
in this table. 


combustion chamber. All heating surfaces and the interior of the boiler 
are accessible for both cleaning and inspection. Horizontal return tubular 
boilers, especially the larger sizes, should be suspended from structural 
columns and beams independent of the brick setting. Small HRT boilers 
sometimes are supported by brackets resting on the brick setting. 

Portable firebox boilers are the more generally used type of steel heating 
boilers, their outstanding characteristic being the water- jacketed firebo?c 
which eliminates virtually all brickwork. They are shipped in one piece 
from the factory and come to the job ready for immediate hook-up to 
piping. They may be of welded or riveted construction and have either 
water or fire tubes. Manufacturers’ catalogs usually list heating surface 
as well as grate area. The elimination of brickwork also makes this type 
the most compact of steel boilers as well as the lowest in first cost. 

Water tube boilers. For large heating loads water tube boilers are quite 
frequently used. They usually require more head room than other types 
of boilers but require considerably less floor space and make possible a 
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much higher rate of evaporation per square foot of heating surface, with 
proper setting, baffling and draft. Water tube boilers used for heating 
purposes are brick set, supported on structural steel columns and have the 
brick setting encased in an insulated steel housing to prevent air infiltra- 
tion and to minimize heat losses. For large heating loads at a high rate of 
evaporation, such boilers should be operated at pressures above 15 lb per 
square inch with a pressure-reducing valve on the connection to the 
heating main. 

SPECIAL HEATING BOILERS 

A special type of boiler, known as the magazine feed boiler, has been 
developed for the burning of small sizes of anthracite. These are built of 
both cast-iron and steel, and have a large fuel carrying capacity which 
results in longer firing periods than would be the case with the standard 
types using buckwheat sizes of coal. Special attention must be given to 
insure adequate draft and proper chimney sizes and connections. 

Oil-burner boiler units, in which a special boiler has been designed with 
a furnace shaped to suit the particular burner used, have been developed 
by a number of manufacturers. These usually are compact units with the 
burner and all controls enclosed within an insulated steel jacket. Ample 
furnace volume is provided for efficient combustion, and the heating 
surfaces are proportioned for effective heat transfer. Consequently, 
higher efficiencies are obtainable than with the ordinary coal fired boiler 
converted to oil firing. 

GAS-FIRED BOILERS 

Gas boilers have assumed a well-defined individuality. The usual boiler 
is sectional in construction with a number of independent burners placed 
beneath the sections. In most boilers each section has its own burner. In 
all cases the sections are placed quite closely together, much closer than 
would be possible when burning a soot-forming fuel. The effort of the 
designer is always to break the hot gas up into thin streams, so that all 
particles of the heat-carrying gases can come as close as possible to the 
heat-absorbing surfaces. Because there is no fuel bed resistance and because 
the gas company supplies the motive power to draw in the air necessary 
for combustion (in the form of the initial gas pressure), draft losses through 
gas boilers are low, 

HOT WATER SUPPLY BOILERS 

Boilers for hot water supply are classified as direct, if the water heated 
passes through the boiler, and as indirect, if the water heated does not 
come in contact with the water or steam in the boiler. 

Direct heaters are built to operate at the pressures found in city supply 
mains and are tested at pressures from 200 to 300 lb per square inch. 
The life of direct heaters depends almost entirely on the scale-making 
properties of the water supplied. If water temperatures are maintained 
below 140 F the life of the heater will be much longer than if higher 
temperatures are used, owing to decreased scale formation and minimized 
corrosion below 140 F. Direct water heaters in some cases are designed 
to bum refuse and garbage. 
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Indirect heaters generally consist of steam boilers in connection with 
heat exchangers of the coil or tube types which transmit the heat from the 
steam to the water. This type of installation has the following advantages : 

1. The boiler operates at low pressure. 

2. The boiler is protected from scale and corrosion. 

3. The scale is formed in the heat exchanger in which the parts to which the scale 
is attached can be cleaned or replaced. The accumulation of scale does not affect 
efficiency although it will affect the capacity of the heat exchanger. 

4. Discoloration of water may be prevented if the water supply comes in contact 
with only non-ferrous metal. 

Where a steam heating system is installed, the domestic hot water 
usually is obtained from an indirect heater placed below the water line of 
the boiler. 


FURNACE DESIGN 

Good efficiency and proper boiler performance are dependent on cor- 
rect furnace design embodying sufficient volume for burning the par- 
ticular fuel at hand, which requires thorough mixing of air and gases at 
a high temperature with a velocity low enough to permit complete com- 
bustion of all the volatiles. On account of the small amount of volatiles 
contained in coke, anthracite, and semi-bituminous coal, these fuels can 
be burned efficiently with less furnace volume than is required for bi- 
tuminous coal, the combustion space being proportioned according to the 
amount of volatiles present. 

Combustion should take place before the gases are cooled by the boiler 
heating surface, and the volume of the furnace must be sufficient for this 
purpose. The furnace temperature must be maintained sufficiently high 
to produce complete combustion, thus resulting in a higher CO% content 
and the absence of CO. Hydrocarbon gases ignite at temperatures 
varying from 1000 to 1500 F, 

The question of furnace proportions, particularly in regard to mechani- 
cal stoker installations, has been given some consideration by various 
manufacturers’ associations. Arbitrary values have been recommended 
for minimum dimensions. A customary rule-of-thumb method of figuring 
furnace volumes is to allow 1 cu ft of space for a maximum heat release 
of 50,000 Btu per hour. This value is equivalent to allowing approxi- 
mately 1 cu ft for each developed horsepower, and it is approved by 
most smoke prevention organizations. 

The setting height will vary with the type of stoker. In an overfeed 
stoker, for instance, all the volatiles must be burned in the combustion 
chamber and, therefore, a greater distance should be allowed than for an 
underfeed stoker where a considerable portion of the gas is burned while 
passing through the incandescent fuel bed. The design of the boiler also 
may affect the setting height, since in certain types the gas enters the 
tubes immediately after leaving the combustion chamber, while in others 
it passes over a bridge wall and toward the rear, thus giving a better 
opportunity for combustion by obtaining a longer travel before entering 
the tubes. 

To secure suitable furnace volume, especially for mechanical stokers or 
oil burners, it often is necessary either to pit the stoker or oil burner, or 
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where water line conditions and headroom permit, to raise the boiler on a 
brick foundation setting. 

Smokeless combustion of the more volatile bituminous coals is furthered 
by the use of mechanical stokers. (See Chapter 28.) Smokeless com- 
bustion in hand-fired boilers burning high volatile solid fuel is aided (1) 
by the use of double grates with down-draft through the upper grate, (2) 
by the use of a curtain section through which preheated auxiliary air is 
introduced over the fire toward the rear of the boiler, and (3) by the intro- 
duction of preheated air through passages at the front of the boiler. All 
three methods depend largely on mixing secondary air with the partially 
burned volatiles and causing this mixture to pass over an incandescent 
fuel bed, thus tending to secure more complete combustion than is pos- 
sible in boilers without such provision. 

HEATING SURFACE 

Boiler heating surface is that portion of the surface of the heat transfer 
apparatus in contact with the fluid being heated on one side and the gas or 
refractory being cooled on the other side. Heating surface on which the 
fire shines is known as direct or radiant surface and that in contact with 
hot gases only, as indirect or convection surface. The amount of heating 
surface, its distribution and the temperatures on either side thereof 
influence the capacity of any boiler. 

Direct heating surface is more valuable than indirect per square foot 
because it is subjected to a higher temperature and also, in the case of 
solid fuel, because it is in position to receive the full radiant energy of the 
fuel bed. The heat transfer capacity of a radiant heating surface may be 
as high as 6 to 8 times that of an indirect surface. This is one of the 
reasons why the water legs of some boilers have been extended, especially 
in the case of stoker firing where the extra amount of combustion chamber 
secured by an extension of the water legs is important. For the same 
reason, care should be exercised in building a refractory combustion 
chamber in an oil-burning boiler so as not to screen any more of this 
valuable surface with refractories than is necessary for good combustion. 

The effectiveness of the heating surface depends on its cleanliness, its 
location in the boiler, and the shape of the gas passages. Investigations^ 
by the U. S. Bureau of Mines show that: 

1. A boiler in which the heating surface is arranged to give long gas passages of small 
cross-section will be more efficient than a boiler in which the gas passages are short and of 
larger cross-section. 

2. The efficiency of a water tube boiler increases as the free area between individual 
tub^ decreases and as the length of the gas pass increases. 

3. By inserting baffles so that the heating surface is arranged in series with respect to 
the gas flow, the boiler efficiency will be increased. 

The area of the gas passages must not be so small as to cause excessive 
resistance to the flow of gases where natural draft is employed. 

Heat Transfer Rates 

Practical rates of heat transfer in heating boilers will average about 


iSce U. S. Bureau of Mines Bulletin No. 18, The Transmission of Heat into Steam Boilers. 
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3300 Btu per sq ft per hour for hand-fired boilers and 4000 Btu per sq ft 
per hour for mechanically fired boilers when operating at design load^. 
When operating at maximum load‘d these values will run between 5000 and 
6000 Btu per sq ft per hour. Boilers operating under favorable conditions 
at the above heat transfer rates will give exit gas temperatures that are 
considered consistent with good practice. 

TESTING AND RATING CODES 

The Society has adopted three solid fuel testing codes, a solid fuel 
rating code and an oil fuel testing code. A.S.H.V.E. Standard and Short 
Form Heat Balance Codes for Testing Low-Pressure Steam Heating 
Solid Fuel Boilers — Codes 1 and 2 — (Revision of June 1929)®, are intended 
to provide a method for conducting and reporting tests to determine heat 
efficiency and performance characteristics. A.S.H.V.E. Performance 
Test Code for Steam Heating Solid Fuel Boilers — Code No. 3 — (Edition of 
1929)® is intended for use with A.S.H.V.E. Code for Rating Steam Heating 
Solid Fuel Hand-Fired Boilers^. The object of this test code is to specify 
the tests to be conducted and to provide a method for conducting and 
reporting tests to determine the efficiencies and performance of the boiler. 
The A.S.H.V.E. Standard Code for Testing Steam Heating Boilers 
Burning Oil Fuel® is intended to provide a standard method for con- 
ducting and reporting tests to determine the heating efficiency and per- 
formance characteristics when oil fuel is used with steam heating boilers. 
The Steel Heating Boiler Institute suggests a single number dimensional 
rating in the SH.BJ. Code for the Rating of Low-Pressure Heating 
Boilers by Their Physical Characteristics®. 

BOILER OUTPUT 

Boiler output as defined in A.S.H.V.E. Performance Test Code for 
Steam Heating Solid Fuel Boilers (Code No. 3) is the quantity of heat 
available at the boiler nozzle with the boiler normally insulated. It 
should be based on actual tests conducted in accordance with this code. 
This output is usually stated in Btu and in square feet of equivalent heat- 
ing surface (radiation). According to the A.S.H.V.E. Standard Code for 
Rating Steam Heating Solid Fuel Hand-Fired Boilers, the performance 
data should be given in tabular or curve form on the following items for at 
least five outputs ranging from maximum down to 35 per cent of maxi- 
mum: (1) fuel available, (2) combustion rate, (3) efficiency, (4) draft 
tension, (5) flue gas temperature. The only definite restriction placed on 
setting the maximum output is that priming shall not exceed 2 per cent. 
These curves provide complete data regarding the performance of the 
boiler under test conditions. Certain other pertinent information, such as 
grate area, heating surface and chimney dimensions is desirable also in 
forming an opinion of how the boiler will perform in actual service. 

The output of large heating boilers is frequently stated in terms of 


*For definitions of design load and maximum load see pages 411 and 412. 

•See A.S.H.V.E. Transactions, Vol. 36, 1929. Also Chapter 41, 

<See A.S.H.V.E. Transactions, Vol. 36, 1930. Also Chapter 41. 

•See A.S.H.V.E. Transactions, Vol. 37, 1931. Also Chapter 41. 

•See Rating of Heating Boilers by Their Physical Characteristics, by C. E. Bronson (A.S.H.V.E. Trans- 
actions, Vol. 36, 1930). 
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boiler horsepower instead of in Btu per hour or square feet of equivalent 
radiation. 

Boiler Horsepower: The evaporation of 34.5 lb of water per hour 
from and at 212 which is equivalent to a heat output of 970.2 X 34.5 = 
33,471.9 Btu per hour. 

Equivalent Evaporation: The amount of water a boiler would 
evaporate, in pounds per hour, if it received feed water at 212 F and 
vaporized it at this same temperature and at atmospheric pressure. 

It is usually considered that 10 sq ft of boiler heating surface will pro- 
duce a rated boiler horsepower. A rated boiler horsepower in turn 
can carry a design load of from 100 to 140 sq ft of equivalent radiation. 
It is apparent, therefore, that 1 sq ft of boiler heating surface can carry a 
design load of from 10 to 14 sq ft of equivalent radiation, or somewhat 
more if the boiler is forced above rating. The application of these values 
is discussed under the heading Selection of Boilers. 


BOILER EFFICIENCY 

The term efficiency as used for guarantees of boiler performance is 
usually construed as follows: 

1. Solid Fuels. The efficiency of the boiler alone is the ratio of the heat absorbed by 
the water and steam in the boiler per pound of combustible burned on the ^ate to the 
calorific value of 1 lb of combustible as fired. The combined efficiency of boiler, furnace 
and grate is the ratio of the heat absorbed by the water and steam in the boiler per pound 
of fuel as fired to the calorific value of 1 lb of fuel as fired. 

2. Liquid Fuels. The combined efficiency of. boiler, furnace and burner is the ratio of 
the heat absorbed by the water and steam in the boiler per pound of fuel to the calorific 
value of 1 lb of fuel. 


Solid fuel boilers usually show an efficiency of 50 to 75 per cent when 
operated under favorable conditions at their rated capacities. Infor- 
mation on the combined efficiencies of boiler, furnace and burner has 
resulted from research conducted at Yale University in cooperation with 
the A.S.H.V.E. Research Laboratory and the American Oil Burner 
Association^ . For general information on heating efficiencies see Chapter 
29. 

SELECTION OF BOILERS 

Estimated Design Load: The load, stated in Btu per hour or equiv- 
alent direct radiation, as estimated by the purchaser for the conditions of 
inside and outside temperature for which the amount of installed radiation 
was determined is the sum of the heat emission of the radiation to. be 
actually installed plus the allowance for the heat loss of the connecting 
piping plus the heat requirement for any apparatus requiring heat con- 
nected with the system (A.S.H.V.E. Standard Code for Rating Steam 
Heating Solid Fuel Hand-Fired Boilers — Edition of April, 1932). 

The estimated design load is the sum of the following three items®: 

1. The estimated heat emission in Btu per hour of the connected radiation (direct, 
indirect or central fan) to be installed. 


»See A.S.H.V.E. research papers entitled Study of the Characteristics of Oil Burners and Heating 
Boilers, by L. E. Seeley and E. J. Tavanlar (A.S.H.V,E. Transactions, Vol. 37, 1931), and A Study of 
Intermittent Operation of Oil Burners, by L. E. Seeley and J. H. Powers (A.S.H.V.E. Transactions, 
Vol. 38, 1932). 

•See A.S.H.V.E. Code of Minimum Requirements for the Heating and Ventilation of Buildings (Edition 
of 1929). 
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2. The estimated maximum heat in Btu per hour required to supply water heaters 
or other apparatus to be connected to the boiler. 

3. The estimated heat emission in Btu per hour of the piping connecting the radiation 
and other apparatus to the boiler. 

Estimated Maximum Load : Construed to mean the load stated in 
Btu per hour or the equivalent direct radiation that has been estimated by 
the purchaser to be the greatest or maximum load that the boiler will be 
called upon to carry. (A.S.H.V.E. Standard Code for Rating Steam 
Heating Solid Fuel Hand-Fired Boilers — Edition of April, 1932.) 

The estimated maximum load is given by®: 

4. The estimated increase in the normal load in Btu per hour due to starting up cold 
radiation. This percentage of increase is to be based on the sum of Items 1, 2 and 3 
and the heating-up factors given in Table 2. 


Table 2. Warming-up Allowances for Low Pressure Steam and 
Hot Water Heating BoiLERsai b, c 


Design Load (Representing Sttmmation of Items 1, 2, and 3,d 

Percentage Capacitt to Add 

FOR Warming Up 

Btu per Hour 

Equivalent Square Feet of Radiationd 

. Up to 100,000 

Up to 420 

65 

100,000 to 200,000 

420 to 840 

60 

200,000 to 600,000 

840 to 2500 

55 

600,000 to 1,200,000 

2500 to 5000 

50 

1,200,000 to 1,800,000 

5000 to 7500 

45 

Above 1,800,000 

Above 7500 

40 


aThis table is taken from the A.S.H.V.E. Code of Minimum Requirements for the Heating and Venti- 
lation of Buildings, except that the second column ‘has been added for convenience in interpreting the design 
load in terms of equivalent square feet of radiation. 

bSee also Time Analysis in Starting Heating Apparatus, by Ralph C. Taggert (A.S.H.V.E. Transac- 
tions, Vol. 19, 1913); Report of A.S.H.V.E. Continuing Committee on Codes for Testing and Rating Steam 
Heating Solid Fuel Boilers (A.S.H.V.E. Transactions, VoI. 36, 1930); Selecting the Right Size Heating 
Boiler, by Sabin Crocker {Heating, Piping and Air Conditioning, March. 1932). 

cThis table refers to hand-fired solid fuel boilers. A factor of 25 per cent over design load is adequate 
when oil or gas are used as fuels. 

d240 Btu per square foot. 

Other things to be considered are: 

5. Efficiency with hard or soft coal, gas, or oil firing, as the case may be. 

6. Grate area with hand-fired coal, or fuel burning rate with stokers, oil, or gas. 

7. Combustion space in the furnace. 

8. Type of heat liberation, whether continuous or intermittent, or a combination of 
both. 

9. Miscellaneous items consisting of draft available, character of attendance, pos- 
sibility of future extension, possibility of breakdown, headroom in the boiler room. 

Radiation Load 

The connected radiation (Item 1) is determined by calculating the heat 
losses in accordance with data given in Chapters 5, 6 and 7, and dividing 
by 240 to change to square feet of equivalent radiation as explained in 
Chapter 30. For hot water, the emission commonly used is 160 Btu per 
square foot, but the actual emission depends on the temperature of the 
medium in the heating units and of the surrounding air. (See Chapter 30.) 

Although it is customary to use the actual connected load in equivalent 
square feet of radiation for selecting the size of boiler, this connected load 
usually represents a reserve in heating capacity to provide for infiltration 
in the various spaces of the building to be heated, which reserve, however, 
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is not in use at all places at the same time, or in any one place at all times. 
For a further discussion of this subject see Chapter 6. 

Hot Water Supply Load 

When the hot water supply (Item 2) is heated by the building heating 
boiler, this load must be taken into consideration in sizing the boiler. The 



WEIGHT, LB. 9ieO FIXED CARBON 55-44 

FUEL CAPACITY, LB. 651 ASH 9.87 

FUEL AVAILABLE, LB, 414 SULPHUR 2.66 

FUEL DEPTH, IN 10 MOISTURE 3-00 

BTU PER LB. 13,655 

Fig. 1. Typical Performance Curves for a 36-in. Cast-Iron Sectional Steam 
Heating Boiler, Based on the A.S.H.V.E. Code for Rating Steam 
Heating Solid Fuel Hand-Fired Boilers 

allowance to be made will depend on the amount of water heated and its 
temperature rise. A good approximation is to add 4 sq ft of equivalent 
radiation for each gallon of water heated per hour through a temperature 
range of 100 F. For more specific information, see Chapter 35. 

Piping Tax (Item 3) 

It is common practice to add a flat percentage allowance to the 
equivalent connected radiation to provide for the heat loss from bare and 
covered pipe in the supply and return lines. The use of a flat allowance of 
25 per cent for steam systems and 35 per cent for hot water systems is 
preferable to ignoring entirely the load due to heat loss from the supply 
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and return lines, but better practice, especially when there is much bare 
pipe, is to compute the emission from both bare and covered pipe surface 
in accordance with data in Chapter 36. With direct radiation served by 
bare supply and return piping the percentages may be higher than those 
stated, while in the case of unit heaters where the output is concentrated 
in a few locations, the piping tax may be 10 per cent or less. 

Warming-up Allowance 

The warming-up allowance represents the load due to heating the boiler 
and contents to operating temperature and heating up cold radiation and 
piping. (See Item 4.) The factors to be used for determining the 
allowance to be made should be selected from Table 2 and should be 
applied to the estimated design load as determined by Items 1, 2 and 3. 

Performance Curves for Boiler Selection 

In the selection of a boiler to meet the estimated load, the A.S.H.V.E. 
Standard Code for Rating Steam Heating Solid Fuel Hand-Fired Boilers 
recommends the use of performance curves based on actual tests con- 
ducted in accordance with the A.S.H.V.E. Performance Test Code for 
Steam Heating Solid Fuel Boilers (Code No. 3), similar to the typical 
curves shown in Fig. 1. It should be understood that performance data 
apply to test conditions and that a reasonable allowance should be made 
for decreased output resulting from soot deposit, poor fuel or inefficient 
attention. 

Selection Based on Heating Surface and Grate Area 

Where performance curves are not available, a good general rule for 
conventionally-designed boilers is to provide 1 sq ft of boiler heating 
surface for each 14 sq ft of equivalent radiation (240 Btu per square foot) 
represented by the design load consisting of connected radiation, piping 
tax and domestic water heating load. As stated in the section on Boiler 
Output, this is equivalent to allowing 10 sq ft of boiler heating surface per 
boiler horsepower. In this case it is assumed that the maximum load 
including the warming-up allowance will be provided for by operating the 
boiler in excess of the design load, that is, in excess of the 100 per cent 
rating on a boiler-horsepower basis. 

Due to the wide variation encountered in manufacturers’ ratings for 
boilers of approximately the same capacity, it is advisable to check the 
grate area required for heating boilers burning solid fuel by means of the 
following formula: 

G = - c - x J ^ E 

where 

G — grate area, square feet. 

H ~ required total heat output of the boiler, Btu per hour (see Selection of Boilers, 
p. 411), 

C = combustion rate in pounds of dry coal per square foot of grate area per hour, 
depending on the kind of fuel and size of boiler as given in Table 1, 

F = calorific value of fuel, Btu per pound. 

E « efficiency of boiler, usually taken as 0.60. 

Example 1, Determine the grate area for a required heat output of the boiler of 
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500,000 Btu per hour, a combustion rate of 6 lb per hour, a calorific value of 13,000 JBtu 
per pound, and an efficiency of 60 per cent. 

^ 500,000 . 

^ 6 X 13,000 X 0.60 10-7 sq ft ■ 

The boiler selected should have a grate area not less than that deter- 
mined by Formula 1. With small boilers where it is desired to- provide 
sufficient coal capacity for approximately an eight-hour firing period plus 
a 20 per cent reserve for igniting a new charge, more grate area may be 
required depending upon the depth of the fuel pot. 

Selection of Gas-Fired Boilers 

Gas-heating appliances should be selected in accordance with factors 
given in Table 1, Chapter 28, which include an allowance for heating up 
cold radiation, and for the piping tax. These factors are for thermo-- 
statically-controlled systems; in case manual operation is desired, a 
warming-up allowance of 100 per cent is recommended by the A^G:A: 
A gas boiler selected by the use of the A .G.A. factors will be the minimum 
size boiler which can carry the load. From a fuel economy standpoint, it 
may be advisable to select a somewhat larger boiler and then throttle the 
gas and air adjustments as required. 'This will tend to" give a low stack 
temperature with high efficiency and at the same time provide reserve 
capacity in case the load is underestimated or more is added in the future: 

Conversions 

In the case of a solid fuel boiler converted to gas burning, the heat units 
supplied in the gas should be approximately twice the connected heating 
load. A combustion efficiency of 75 per cent for a conversion installation 
would provide a boiler output of 2 X 0.75 = 1.5 times the connected load-, 
which allows 50 per cent for piping tax and pick-up. . The presumption for 
a conversion" job is that the boiler already, is installed and probably will 
not be made larger; therefore, it is a matter of setting a gas-burning rate 
to obtain best results with the available surface. The conversion of a coal 
or oil boiler to gas burning is accomplished much more rapidly than the 
reverse since but little furnace volume need be provided for the proper 
combustion of gas. 

Other Considerations in Selection of Boilers 

As it will usually be found that severaF boilers will meet the speci- 
fications, the final selection of the boiler may be influenced by other con- 
siderations, some of which are : ' ; 

1. Dimensions of boiler. . . . 

2. Durability under service. 

3. Convenience in firing and cleaning. . ' . . - 

4. Adaptability to changes in fuel and kind of attention. 

5. Height of water line. . : . . . ' . 

In large installations, the use of several smaller boiler units instead of 
one larger one will obtain greater flexibility and economy by. permitting 
the operation, at the best efficiency, of the required number of units 
according to the heat requirements. _ 

Boiler rooms should, if possible, be situated at a central point with 
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respect to the building and should be designed for a maximum of natural 
light. The space in front of the boilers should be sufficient for firing, 
stoking, ash removal and cleaning or renewal of flues, and should be at 
least 3 ft greater than the length of the boiler firebox. 

A space of at least 3 ft should be allowed on at least one side of every 
boiler for convenience of erection and for accessibility to the various 
dampers, cleanouts and trimmings. The space at the rear of the boiler 
should be ample for the chimney connection and for cleanouts, and with 
large boilers tibe rear clearance should be at least 3 ft in width. 

The boiler room height should be sufficient for the location of boiler 
accessories and for proper installation of piping. In general the ceiling 
height for small steam boilers should be at least 3 ft above the normal 
boiler water line. With vapor heating, especially, the height above the 
boiler water line is of vital importance. 

When steel boilers are used, space should be provided for the removal 
and replacement of tubes. 

CONNECTIONS AND FITTINGS 

The velocity of flow through the outlets of low pressure steam heating 
boilers should not exceed 15 to 25 fps if fluctuation of the water line and 
undue entrainment of moisture are to be avoided. Steam or water outlet 
connections preferably should be the full size of the manufacturers’ 
tapping and should extend vertically to the maximum height available 
above the boiler. For gravity circulating steam heating systems, it is 
recommended that a Hartford Loop, described in Chapter 32, be utilized 
in making the return connection. 

Particular attention should be given to fitting connections to secure con- 
formity with the A,S,M.E. Boiler Construction Code for Low Pressure 
Heating Boilers. Attention is called in particular to pressure gage piping, 
water gage connections and safety valve capacity. 

Steam gages should be fitted with a water seal and a shut-off consisting 
of a cock with either a tee or lever handle which is parallel to the pipe 
when the cock is open. Steam gage connections should be of copper or 
brass when smaller than 1 in. I.P.S,^ if the gage is more than 5 ft from the 
boiler connection, and also in any case where the connection is less than 
^ in. J.P.5. 

Each steam or vapor boiler should have at least one water gage glass and 
two or more gage cocks located within the range of the visible length of the 
glass. The water gage fittings or gage cocks may be direct connected to 
the boiler, if so located by the manufacturer, or may be mounted on a 
separate water column. No connections, except for combustion regu- 
lators, drains or steam gages, should be placed on the pipes connecting 
the water column and the boiler. If the water column or gage glass is con- 
nected to the boiler by pipe and fittings, a cross, tee or equivalent, in which 
a cleanout plug or a drain valve and piping may be attached, should be 
placed in the water connection at every right-angle turn to facilitate 
cleaning. The water line in steam boilers should be carried at the level 
specified by the boiler manufacturer. 


M.5.Af.E. Code* Identification of Piping Systems. 
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Safety valves should be capable of discharging all the steam that can be 
generated by the boiler without allowing the pressure to rise more than 
5 lb above the maximum allowable working pressure of the boiler. This 
should be borne in mind particularly in the case of boilers equipped with 
mechanical stokers or oil burners where the amount of grate area has 
little significance as to the steam generating capacity of the boiler. 

Where a return header is used on a cast-iron sectional boiler to distribute 
the returns to both rear tappings, it is advisable to provide full size 
plugged tees instead of elbows where the branch connections enter the 
return tappings. This facilitates cleaning sludge from the bottom of the 
boiler sections through the large plugged openings. An equivalent clean- 
out plug should be provided in the case of a single return connection. 

Blow-off or drain connections should be made near the boiler and so 
arranged that the entire system may be drained of water by opening the 
drain cock. In the case of two or more boilers separate blow-off connec- 
tions must be provided for each boiler on the boiler side of the stop valve 
on the main return connection. 

Water service connections must be provided for both steam and water 
boilers, for refilling and for the addition of make-up water to boilers. This 
connection is usually of galvanized steel pipe, and is made to the return 
main near the boiler or boilers. 

For further data on pipe connections for steam and hot water heating 
systems, see Chapters 32 and 33 and the A.S.M.E, Boiler Construction 
Code for Low Pressure Heating Boilers. 

Smoke Breeching and Chimney Connections. The breeching or smoke 
pipe from the boiler outlet to the chimney should be air-tight and as short 
and direct as possible, preference being given to long radius and 45-deg 
instead of 90-deg bends. The breeching entering a brick chimney should 
not project beyond the flue lining and where practicable it should be 
grouted up from the inside of the chimney. A thimble or sleeve grout 
usually is provided where the breeching enters a brick chimney. 

Where a battery of boilers is connected into a breeching each boiler 
should be provided with a tight damper. The breeching for a battery 
of boilers should not be reduced in size as it goes to the more remote 
boilers. Good connections made to a good chimney will usually result in 
a rapid response by the boilers to demands for heat. 

ERECTION, OPERATION, AND MAINTENANCE 

The directions of the boiler manufacturer always should be read before 
the assembly or installation of any boiler is started, even though the 
contractor may be familiar with the boiler. All joints requiring boiler 
putty or cement which cannot be reached after assembly is complete 
must be finished as the assembly progresses. 

The following precautions should be taken in all installations to prevent 
damage to the boiler: 

1. There should be provided proper and convenient drainage connections for use if 
the boiler is not in operation during freezing weather. 

2. Strains on the boiler due to movement of piping during expansion should be 
prevented by suitable anchoring of piping and by proper provision for pipe expansion 
and contraction. 
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3. Direct impingement of too intense local heat upon any part of the boiler surface, 
as with .oil burners, should be avoided by protecting the surface with firebrick or other 
refractory material. - 

4. Condensation must flow back to the boiler as rapidly and uniformly as possible. 
Return connections should prevent the water from backing out of the boiler. 

5. Automatic boiler feeders and low water cut-off devices which shut off the source 
of heat if the water in the boiler falls below a safe level are recommended for boilers 
mechanically fired. 

Boiler Troubles 

A complaint regarding boiler operation generally will be found to be 
due to one of the following: 

1. The boiler fails to deliver enough heat. The cause of this condition may be: (a) poor 
draft ‘r {h) poor fuel; {c) inferior attention or firing; (d) boiler too small; {e) improper 
piping; (/) improper arrangement of sections; (g) heating surfaces covered with soot; 
and (h) insufficient radiation installed. 

2. The water line is unsteady. The cause of this condition may be : {a) grease and dirt 
in boiler; (&) water column connected to a very active section and, therefore, not 
showing actual water level in boiler; (c) boiler operating at excessive output. 

3. Water disappears from gage glass. This may be caused by: (a) priming due to 
grease and dirt ifi boiler; {b) too great pressure difference between supply and return 
piping preventing return of condensation; (c) valve closed in return line; (d) connection 
of bottom of water column into a very active section or thin waterway: (e) improper 
connections between boilers in battery permitting boiler with excess pressure to push 
returning condensation into boiler with lower pressure. 

- 4. Water is carried over into steam main. This may be caused by: {a) grease and dirt 
in boiler; (b) insufficient steam dome or too small steam liberating area; (c) outlet con- 
nections of too small area; (d) excessive rate of output; (e) water level carried higher 
than specified. 

5. Boiler is slow in response to operation of dampers. This may be due to: (a) poor 
draft due to air leaks into chimney or breeching; {h) inferior fuel; (c) inferior attention; 
\d) accumulation of clinker on grate; (e) boiler too small for the load. 

- 6. Boiler requires too frequent cleaning of flues. This may be due to: (a) poor draft; 
(h) smoky combustion; {c) too low a rate of combustion; (d) too much excess air in 
firebox causing chilling of gases. 

7. Boiler srnokes through fire door. This may be due to: {a) defective draft in chimney 
or incorrect setting of dampers; (6) air leaks into boiler or breeching; (c) gas outlet from 
firebox plugged with fuel; (d) dirty or clogged flues; (e) improper reduction in breeching 
size. 

Cleaning Steam Boilers 

All boilers are provided with flue clean-out openings through which the 
heating surface can be reached by means of brushes or scrapers. Flues 
of solid fuel boilers should be cleaned often to keep the surfaces free of 
soot or ash. Gas boiler flues and burners should be cleaned at least once 
a year. Oil burning boiler flues should be examined periodically to deter- 
mine when cleaning is necessary. 

The grease used to lubricate the cutting tools during erection of new 
piping systems serves as a carrier for sand and dirt, with the result that 
a scum of fine particles and grease accumulates on the surface of the 
water in all new boilers, while heavier particles may settle to the bottom 
of the boiler and form sludge. These impurities have a tendency to cause 
foaming, preventing the generation of steam and causing an unsteady 
water line. 

This unavoidable accumulation of oil and grease should be removed 
by blowing off the boiler as follows: If not already provided, install a 
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surface blow connection of at least 1)4 in. nominal pipe si^e with outlet 
extended to within 18 in. of the floor or to sewer, inserting a valve in line 
close to boiler. Bring the water line to center of outlet, raise steam pres- 
sure and while fire is burning briskly open valve in blow-off line. When 
pressure recedes close valve and repeat process adding water at intervals 
to maintain proper level. As a final operation bring the pressure in the 
boiler to about 10 lb, close blow-off, draw the fire or stop burner, and open 
drain valve. After boiler has cooled partly, fill and flush out several times 
before filling it to proper water level for normal service. The use of acids, 
alkalis and salts for cleaning is not favored by boiler manufacturers 
because of the difficulty of complete removal and the possibility of sub-, 
sequent injury. 

Insoluble compounds have been developed which are effective, but 
special instructions on the proper cleaning compound and directions for 
its use in a boiler, as given by the boiler manufacturer, should be carefully 
followed. 

When soda ash solution is to be used the procedure is to add about 5 lb 
of soda ash for each 1000 sq ft of connected radiation. Fill the boiler with 
water until it just overflows from the surface blow outlet pipe and then 
fire sufficiently to raise the water temperature to the boiling point without 
getting up steam pressure. Crack the boiler feed valve so that a steady 
trickle will run out of the overflow pipe. Allow the boiler to simmer from 
2 to 4 hours. At the end of this time the grease and sediment should have 
passed off through the overflow pipe or loosened sufficiently to drain off 
through the bottom blow. Extinguish the fire — preferably by letting it 
burn out and then dumping any live coals into the ashpit where water can 
be applied with a hose — and open the bottoiri blow wide. Rinse with 
fresh water and refill to the normal water level. If the water in the gage 
glass then does not show clear, repeat the process using a stronger soda 
ash solution and boiling for a longer time. It sometimes is necessary to 
repeat this process several times to completely rid the boiler of grease. 
Failure to thoroughly eliminate grease usually results in an unsteady 
water line and danger of damaging the boiler through having the crown- 
sheet uncovered. 

It is common practice when starting new installations to discharge 
heating returns to the sewer during the first week of operation. This 
prevents the passage of grease, dirt or other foreign matter into the boiler 
and consequently may avoid the necessity of cleaning the boiler. During 
the time the returns are being passed to the sewer, the feed valve should 
be cracked sufficiently to maintain the proper water level in the boiler. 

Care of Idle Heating Boilers 

Heating boilers are often seriously damaged during summer months 
due chiefly to corrosion resulting from the combination of sulphur from 
the fuel with the moisture in the cellar air. At the end of the heating 
season the following precautions should be taken : 

1. All heating surfaces should be cleaned thoroughly of soot, ash and residue, and the 
heating surfaces of steel boilers should be given a coating of lubricating oil on the fire 
side. 

2. All machined surfaces should be coated with oil or grease. 
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3. Connections to the chimney should be cleaned and in case of small boilers the pipe 
should be placed in a dry place after cleaning. 

4. If there is much moisture in the boiler room, it is desirable to drain the boiler to 
prevent atmospheric condensation on the heating surfaces of the boiler when they are 
below the dew-point temperature. Due to the hazard of some one inadvertently building 
a fire in a dry boiler, however, it is safer to keep the boiler filled with water. A hot water 
system usually is left filled to the expansion tank. 

5. The grates and ashpit should be cleaned. 

6. Clean and repack the gage glass if necessary. 

7. Remove any rust or other deposit from exposed surfaces by scraping with a wire 
brush or sandpaper. After boiler is thoroughly cleaned, apply a coat of preservative 
paint where required to external parts normally painted. 

8. Inspect all accessories of the boiler carefully to see that they are in good working 
order. In this connection, oil all door hinges, damper bearings and regulator parts. 

BOILER INSULATION 

Insulation for cast-iron boilers is of two general types: (1) plastic 
material or blocks wired on, cemented and covered with canvas or duck; 
and (2) blocks, sheets or plastic material covered with a metal jacket 
furnished by the boiler manufacturer. Self-contained steel firebox boilers 
usually are insulated with blocks, cement and canvas, or rock wool 
blankets; HRT boilers are brick set and do not require insulation beyond 
that provided in the setting. It is essential that the insulation on a boiler 
and adjacent piping be of non-combustible material as even slow-burning 
insulation constitutes a dangerous fire hazard in case of low water in 
the boiler. 
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PROBLEMS IN PRACTICE 


1 # What is meant by a low pressure heating boiler? 

A low pressure heating boiler is a boiler designed to be operated at less than 15 lb steam 
pressure or 30 lb water pressure as measured by a gage attached directly to the boiler. 
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2 • Name the construction materials that distinguish two types of low pressure 
heating boilers. 

a. Cast-iron. 

b. Steel. 

3 # Wbat is the normal rating range of each type of boiler? 

a. Cast-iron boilers are rated at from 200 to 18,000 sq ft EDR. 

b. Steel boilers are rated at from 300 to 50,000 sq ft EDR. 

4 • a. What is meant by direct boiler heating surface? 

b. What is meant by indirect boiler heating surface? 

a. Direct boiler heating surface is that boiler surface upon which the fire shines, namely, 
the walls of the firebox and the crown sheet. 

b. Indirect boiler heating surface is that boiler surface not exposed to the direct rays of 
the fire and over which heated gases pass after they have been in contact with the 
direct surface. Indirect surface is generally known as convective surface. 

5 • What is the average heat transmission rate in heating boilers in Btu per 
sq ft of heating surface per hour? 

3500 for coal burning boilers; 4200 for oil burning boilers. 

6 • What factors contribute to economical fuel operation in low pressure 
boilers burning coal or oil? 

a. Proper furnace volume for complete combustion. 

b. Arrangement of heating surfaces in series to create a turbulent and scrubbing contact 
of gases against the convective surfaces. 

c. Rapid internal water circulation which will remove steam bubbles from the water 
side of heating surfaces and allow other steam bubbles to be formed. Rapid disen- 
gagement of steam bubbles increases the steam generating efficiency of each unit 
area of heating surface, and thereby lowers flue gas temperatures, 

7 • What equipment is usually directly attached to a low pressure heating 
boiler? 

For coal burning steam boilers: water column, water gage, tri-cocks, steam gage, lever 
pop safety valve, boiler damper regulator. 

For coal burning hot water boilers: damper regulator, altitude gage, thermometer, relief 
valve. 

For oil burning boilers, the damper regulators are omitted and the following additional 
equipment is usually attached: automatic water feeder, low water cutout,, a pressure 
control, and a water temperature control These are generally furnished by the oil 
burner manufacturer and do not come with the boiler. 

3 • What general precautions regarding the boiler should be taken to make 
sure a proposed heating installation will work properly? 

a. Select the right size and type of boiler. 

b. Be sure the combustion space is proper for the type of fuel burned, 

c. Allow sufficient space around the boiler for cleaning. 

d. Secure proper height and area of chimney and connecting breeching. 

e. Clean the boiler thoroughly and provide surface blowoff connections and bottom 
blowoff connections for periodic cleaning after operation is begun, 

/. See that the boiler heating surface is cleaned at regular periods. 

g. Check flue gas temperatures and make a flue gas analysis at least once a month. 

h. Secure information and advice from boiler manufacturer. 


421 




American Society of Heating and Ventilating Engineers Guide, 1935 


9'# ■'Below what temperature should the water in direct water heaters be main- 
tained to reduce scale formation and corrosion? 

140 F. 

10 • a. What is the heat equivalent of a boiler horsepower? 

b. How many square feet of heating surface are usually required per 
boiler horsepower? 

a. 33,471.9 Btu per hour. 

b. 10 sq ft. 

11 • What is meant by equivalent evaporation? 

The amount of water that a boiler would evaporate per hour, if the feed water were at 
212 F and if the steam were evaporated at that temperature; this is usually spoken of as 
"from and at 212 F.” 


12 '• What loads must be considered in determining the boiler capacity re- 
quired for a given installation? 

Radiation load. 

Hot water supply load. 

Piping tax. 

Warming-up allowance. 

Load allowance for inefficient firing. 


13 • A boiler has 6 sq ft of grate area with a possible depth of fuel bed of 18 in. 
The fuel burned is bituminous coal with a heat value of 12,500 Btu per lb. 
The efficiency is assumed to be 50 per cent. How great a maximum load will 
this boiler carry if it is to be fired every 8 hours and if 20 per cent of the fuel is 
to. be left over to kindle the next charge? 

Volume of fuel bed = 6 X 1.5 = 9.0 cu ft. 

Available volume == 0.80 X 9.0 = 7.2 cu ft. 

Weight of available fuel = 40 X 7.2 = 288.0 lb. 

OQQ Q 

Fuel burned per hour — = 36.0 1b. 

Heat released = 36.0 X 12,500 X 0.50 = 225,000 Btu per hour. 


Maximum load — 


225,000 


938 equivalent square feet. 


14 • What are the usual causes of unsteady water line and priming? 
Grease and dirt in boiler. 

Overload, .resulting in insufficient steam liberating area. 

Small outlet connections. 


15 • What type of return connection can be used for gravity steam heating 
systems to make the use of check valves unnecessary? 

The Hartford Loop. (See Chapter 32.) 
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CHIMNEYS AND DRAFT 
CAECIJLATIONS 


Natural Draft, Mechanical Draft, Characteristics of Natural 
Draft Chimneys, Determining Chimney Sises, General Equation, 
Chimney Construction, Chimneys for Gas Heating 


T he design and construction of a chimney is so important a part 
of the heating engineer’s work that a general knowledge of draft 
characterictics and calculations is essential. 

Draft, in general, may be defined as the pressure difference between the 
atmospheric pressure and that at any part of an installation through 
which the gases flow. Since a pressure difference implies a head, draft 
is a static force. While no element of motion is inferred, yet motion 
in the form of circulation of gases throughout an entire boiler plant 
installation is the direct result of draft. This motion is due to the pressure 
difference, or unbalanced pressure, which compels the gases to flow. Draft 
is often classified into two kinds according to whether it is created 
thermally or artificially, viz, (1) natural or thermal draft, and (2) arti- 
ficial or mechanical draft. 

Natural Draft 

Natural draft is the difference in pressure produced by the difference in 
weight between the relatively hot gases inside a natural draft chimney and 
an equivalent column of the cooler outside air, or atmosphere. Natural 
draft, in other words, is an unbalanced pressure produced thermally by a 
natural draft chimney as the pressure transformer and a temperature 
difference. The intensity of natural draft depends, for the most part, 
upon the height of the chimney above the grate bar level and also the 
temperature difference between the chimney gases and the atmosphere. 

A typical natural draft system consists essentially of a relatively tall 
chimney built of steel, brick or reinforced concrete, operating with the 
relatively hot gases which have passed through the boilers and accessories 
and from which all of the heat has not been extracted. Hot gases are an 
essential element in the operation of a natural draft system. 

A natural draft chimney performs the two-fold service of assisting in 
the creation of draft by aspiration and also of discharging the gases at an 
elevation sufficient to prevent them from becoming a nuisance. 

Natural draft is quite advantageous in installations where the total loss 
of draft due to resistances is relatively low and also in plants which have 
practically a constant load and whose boilers are seldom operated above 
their normal rating. Natural draft systems have been, and are still being, 
employed in the operation of large plants during the periods when the 
boilers are operated only up to their normal rating. When the rate of 
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operation is increased above their normal rating, some form of mechanical 
draft is employed as an auxiliary to overcome the increased resistances or 
draft losses. Natural draft systems are used almost exclusively in the 
smaller size plants where the amount of gases generated is relatively small 
and it would be expensive to install and operate a mechanical draft 
system. 

The principal advantages of natural draft systems may be summarized 
as follows: (1) simplicity, (2) reliability, (3) freedom from mechanical 
parts, (4) low cost of maintenance, (5) relatively long life, (6) relatively 
low depreciation, and (7) no power required to operate. The principal 
disadvantages are: (1) lack of flexibility, (2) irregularity, (3) affected 
by surroundings, and (4) affected by temperature changes. 

Mechanical Draft 

Artificial draft, or mechanical draft, as it is more commonly called, is a 
difference in pressure produced either directly or indirectly by a forced 
draft fan, an induced draft fan, or a Venturi chimney as the pressure 
transformer. The intensity of mechanical draft is dependent for the most 
part upon the size of the fan and the speed at which it is operated. The 
element of temperature does not enter into the creation of mechanical 
draft and therefore its intensity, unlike natural draft, is independent of the 
temperature of the gases and the atmosphere. Mechanical draft includes 
the induced and Venturi types of draft systems in which the pressure 
difference is the result of a suction and also the forced draft system in 
which the pressure difference is the result of a blowing. Mechanical draft 
systems tend to produce a vacuum or a plenum, according as the system 
used in its production creates a pressure difference below, or above, 
atmospheric pressure, respectively. A mechanical draft system may be 
used either in conjunction with, or as an adjunct to, a natural draft 
system. 

CHARACTERISTICS OF CHIMNEYS 


In order to analyze the performance of a natural draft chimney, it is 
advantageous to compare its general operating characteristics with those 
of a centrifugal pump and also a centrifugally-induced draft fan, there 
being a close similarity among the three. Figs. 1, 2 and 3 show the 
general operating characteristics of a typical centrifugally-induced draft 
fan, a typical centrifugal pump, and a typical natural draft chimney, 
respectively. The draft-capacity curve of the chimney corresponds to the 
head-capacity curve of the pump and also to the dynamic-head capacity of 
the fan ; the efficiency curve of the chimney to the efficiency curves of the 
pump and fan ; and the gas horsepower curve of the chimney to the brake 
horsepower curves of the pump and fan. 

When the gases in the chimney are stationary, the draft created is 
termed the theoretical draft. When the gases are flowing, the theoretical 
intensity is diminished by the draft loss due to friction, the difference 
between the two being termed the available draft. The general equation 
for the available draft intensity of a natural draft chimney with a circular 
section is as follows: 




0.00126 

D^BoWc 


( 1 ) 
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where 

Di. == available draft, inches of water. 

H = height of chimney above grate bars, feet. 

Bo = barometric pressure corresponding to altitude, inches of mercury. 

Wo = unit weight of a cubic foot of air at 0 F and sea level atmospheric pressure, 
pounds per cubic foot. 

Wc ~ unit weight of a cubic foot of chimney gases at 0 F and sea level atmospheric 
pressure, pounds per cubic foot. 

To — absolute temperature of atmosphere, degrees Fahrenheit. 

Tc = absolute temperature of chimney gases, degrees Fahrenheit. 

W = amount of gases generated in the combustion chamber of the boiler and passing 
through the chimney, pounds per second. 

/ ~ coefficient of friction. 

L = length of friction duct of the chimney, feet. 

D = minimum diameter of chimney, feet. 


The first term of the right hand expression of Equation 1 represents 
the theoretical draft intensity, and the second term, the loss due to friction. 

Example L Determine the available draft of a natural draft chimney 200 ft in height 
and 10 ft in diameter operating under the following conditions : ^ atmospheric tempera- 
ture, 62 F ; chimney gas temperature, 500 F ; sea level atmospheric pressure, Bq = 29.92 
in. of mercury; atmospheric and chimney gas density, 0.0863 and 0.09, respectively; 
coefficient of friction, 0.016; length of friction duct, 200 ft. The chimney discharges 
100 lb of gases per second. 

Substituting these values in Equation 1 and reducing: 


Z)a = 2.96 X 200 X 29.92 X 


0.09\ 0.00126 X 100» X 960 X 0.016 X 200 

9m) 10' X 29.92 X 0.09 


= 1.27 - 0.14 = 1.13 in. 


Fig. 4 shows the variation in the available draft of a typical 200 ft by 
10 ft chimney operating under the general conditions noted in Example 1. 
When the chimney is under static conditions and no gases are flowing, the 
available draft is equal to 1.27 in. of water, the theoretical intensity. As 
the amount of gases flowing increases, the available intensity decreases 
until it becomes zero at a gas flow of 297 lb per second, at which point the 
draft loss due to friction is equal to the theoretical intensity. The draft- 
capacity curve corresponds to the head-capacity curve of centrifugal 
pump characteristics and the dynamic-head-capacity curve of a fan. The 
point of maximum draft and zero capacity is called shut-off draft, or point 
of impending delivery, and corresponds to the point of shut-off head of a 
centrifugal pump. The point of zero draft and maximum capacity is 
called the wide open point and corresponds to the wide open point of a 
centrifugal pump. A set of operating characteristics may be developed 
for any size chimney operating under any set of conditions by substituting 
the proper values in Equation 1 and then plotting the results in the 
manner shown in Fig. 4. 

The efficiency of a natural draft chimney is the thermodynamical ratio 
of the energy output to the energy input. The energy output is the total 
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work done by the chimney in moving the gases and corresponds to the 
water horsepower of a centrifugal pump, or the total work done by a fan 
in moving the gases. The energy input is equal to the theoretical amount 
of power generated by the chimney and corresponds to the power input 
of the driving unit of a centrifugal pump or a fan. The thermodynamical 
efficiency is given by the equation: 


^ K^WD^ 

where 


( 2 ) 


i^a = a constant depending upon the temperature of the gases, the atmospheric' 
temperature, the elevation of the plant, and the density and specific heat of the 
gases. For average operating conditions, — 0.0065. 



Fig. 4. Typical Set of Operating Characteristics of a Natural Draft Chimney 


Fig. 4 shows the variation in the efficiency of the chimney under con- 
sideration for the operating conditions noted. This curve rises from zero 
at shut-off draft to a maximum for a certain draft and its corresponding 
capacity and then drops again to zero at the wide open point. The point 
of maximum efficiency is located by the point on the draft-capacity curve 
equal to two-thirds of the theoretical draft intensity. In Example 1 the 
maximum efficiency is at an available draft intensity of % X 1.27 = 0.85 
in. of water and the corresponding capacity of 175 lb per second. 

The efficiency curve of a natural draft chimney corresponds to the 
efficiency curves of a centrifugal pump and a fan and serves the same 
general use in that it locates the region of most economical operation. In 
substituting the values for the various factors in Equation 1, care should 
be exercised that the selections be as near the actual conditions as is 
practically possible. The following notes will serve as a guide for these 
selections : 
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1 . The barometric pressure varies inversely as the altitude of the plant above sea level. 
Fig. 5 gives the barometric pressure corresponding to various elevations as computed 
from the equation: 

El = 62,737 log (3) 

£>o 

where 

El = altitude of plant above sea level, feet. 

In general, the barometric pressure decreases approximately 0.1 in. of mercury per 100 
ft increase in elevation. 

2. The unit weight of a cubic foot of chimney gases at 0 F and sea level barometric 
pressure is given by the equation : 

Wc = 0.131 CO* + 0.095 Oi + 0.083 (4) 



Fig. 5. Relation Between Barometric Pressure and Altitude 

In this equation CO 2 , O 2 and N 2 represent the percentages of the parts by weight of the 
carbon dioxide, oxygen and nitrogen content, respectively, of the gas analysis. For 
ordinary operating conditions, the value of Wc may be assumed at 0.09. 

3. The atmospheric temperature is the actual observed temperature of the outside air 
at the time the analysis of the operating chimney is made. The mean atmospheric 
temperature in the temperate zone is approximately 62 F. 

4. The chimney gas temperature does not vary appreciably from the gas temperature 
as it leaves the breeching and enters the chimney. For average operating conditions, the 
chimney gas temperature will vary between 500 F and 650 F except in the case when 
economizers and recuperators are used, when the temperature will vary between 300 F 
and 450 F. If a chimney has been properly constructed, properly lined and has no air 
infiltration due to open joints, the temperature of the gases throughout the chimney will 
not differ appreciably from the foregoing figures. In most up-to-date heating plants, the 
temperature may be read from instruments or ascertained from a pyrometer. 

5. The coefficient of friction between the chimney gases and a sooted surface has been 
found to be approximately 0.016. This factor, of course, will be much less for a new 
unlined steel stack than for a brick or brick-lined chimney, but in time the inside surface 
of all chimneys regardless of the material of which they are constructed becomes covered 
with a layer of soot and the coefficient of friction should be the same for all types of 
chimneys. 

6. The length of the friction duct is the vertical distance between the bottom of the 
breeching opening and the top of the chimney. Ordinarily this distance is approximately 
equal to the height of the chimney above the grate level. 
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7. The amount of gases flowing and being discharged is, of course, equal to the amount 
of gases generated in the combustion chamber of the boiler. The total products of 
combustion may be computed from the equation : 


where 


W - 


Cg(9PFtp 

3600 


Cg = pounds of fuel burned per square foot of grate surface per hour. 
G = total grate surface of boilers, square feet. 

= total weight of products of combustion per pound of fuel. 


(5) 



Fig, 6. Chimney Performance Chart 


Fig. 6 is a typical chimney performance chart giving the available draft 
intensities for various amounts of gases flowing and sizes of chimney. 
This chart is based on an atmospheric temperature of 62 F, a chimney gas 
temperature of 500 F, a unit chimney gas weight of 0.09 lb per cubic foot, 
sea level atmospheric pressure, a coefficient of friction of 0.016, and a 
friction duct length equal to the height of the chimney above the grate 
level. These curves may be used for general operating conditions. For 
specific operating conditions, a new chart should be constructed from 
Equation 1. 

It has been the usual custom, and still is to a lamentably ;great extent, 
to select the required size of a natural draft chimney from a table of 
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chimney sizes based only on boiler horsepowers. After the ultimate 
horsepower of the projected plant had been determined, the chimney size 
in the table corresponding to this figure was then selected as the proper 
size required. Generally, no further attempt was made to determine if 
the height thus selected was sufficient to help create the required draft 
demanded by the entire installation, or the diameter sufficiently large to 
enable the chimney quickly, efficiently, and economically to dispose of the 
gases. Since the operating characteristics of a natural draft chimney are 
similar in all respects to those of a centrifugal pump, or a centrifugal fan, 
it is no more possible to select a proper size chimney from such a table, 
even with correction factors appended, than it is to select the proper size 
pump from tables based only on the amount of water to be delivered. 


DETERMINING CHIMNEY SIZES 


The required diameter and height of a natural draft chimney are given 
by the following equations: 


// = 


Dr 


D = 0.288 y. 


O.mfWcBoV^ 

TcD 


WTc 


BoWcV 


where 


( 6 ) 


H — required height of chimney above grate bar level, feet. 

D = required minimum diameter of chimney, feet. 

V — chimney gas velocity, feet per second. 

Dr — total required draft demanded by the entire installation outside of the chimney, 
inches of water. 


Equations 6 and 7 give the required size of a natural draft chimney with 
all of the operating factors taken into consideration. Values for all of the 
factors with the exception of the chimney gas velocity may be either 
observed or computed. It is, of course, necessary to assume an arbitrary 
value for the velocity in order to arrive at some definite size. For any one 
set of operating conditions there will be as many sizes of chimneys as there 
are values of reasonable velocities to assume. Of the number of sizes 
corresjponding to the various assumed velocities, there is one size which 
will cost least. Since the cost of a chimney structure, regardless of the 
kind of material used in the construction, varies as the volume of material 
in the structure, the cost criterion then may be represented by the 
approximate equation: 

Q = xtHD (8) 

where 

Q — volume of material, cubic feet. 

/ = average wall thickness, feet. 

For all practical purposes, the value of may be taken as a constant 
regardless of the size of the structure. Hence, in general, the voluine, and 
consequently the cost, of a chimney structure may be based on the factor 
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HD as a criterion. Therefore, the value of the chimney gas velocity which 
will result in the least value of HD for any one set of operating con- 
ditions will produce a structure which will be the most economical to use, 
because its cost will be least. 

The problem at hand is to deduce an equation for the chimney gas 
velocity which will result in a combination of a height and a diameter 
whose product HD will be least. The solution is obtained by equating the 


Height of Chimney, ft. 



product of Equations 3 and 4 to HDj differentiating this product with 
respect to V and equating the resulting expression to zero. This pro- 
cedure results in the following expression : 


1 0.772rc| 

'' Wo W’c^ 

<To To) 


1 WTc 

Bo Wo ) (9) 

\ fWc / 


where — economical chimney gas velocity, feet per second. 

Equation 9 gives the economical velocity of the chimney gases for any 
set oboperating conditions, and represents the velocity which will result in 
a chimney the size of which will cost less than that of any other size as 
determined by any other velocity for the same operating conditions. 
After the value of the economical velocity has been determined, the 
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corresponding height and diameter can then be determined from Equa- 
tions 6 and 7, respectively, and the economical size will then be attained. 
Equations 6, 7 and 9 may be simplified considerably for average operating 
conditions in an average size steam plant by assuming the following 


conditions: 

Average chimney gas temperature, 500 F Tc = 960 

Mean atmospheric temperature, 62 F To = 522 

Average coefficient of friction. 0.016 ./ = 0.016 

Average chimney gas density, 0.09 Wc = 0.09 

Sea level elevation with barometer of 29.92 Bq — 29.92 

Substituting these values in Equations 9, 7 and 6, respectively, and 
reducing: 

Ve = IS.TTF^/^ (1<^) 

D = l.STF^/^ (il) 

H = 190Dr (12) 


Fig. 7 gives the economical chimney sizes for various amounts of gases 
flowing and for required draft intensities as computed from Equations 10, 
11 and 12. They are based on the operating factors used in reducing 
Equations 6, 7 and 9 to their simpler form. The sizes shown by the 
curves in the chart should be used for general operating conditions only, 
or for installations where the required data necessary for an exact deter- 
mination are difficult or impossible to secure. Whenever it is possible to 
secure accurate data, or the anticipated operating conditions are fairly 
well known, the required size should be determined from Equations 6, 
7 and 9. The recommended minimum inside dimensions and heights of 
chimneys for small and medium size installations are given in Table 1. 

GENERAL EQUATION 

The general draft equation for a steam producing plant may be stated 
as follows: 

Dt — hi = hp hB ^Bd + he + hBr + /JV + /zo + (13) 


where 

Dt == theoretical draft intensity created by pressure transformer, inches of water. 
hf ~ draft loss due to friction in pressure transformer, inches of water. 
hp — draft loss through the fuel bed, inches of water. 
hB = draft loss through the boiler and setting, inches of water. 
hBr = draft loss through the breeching, inches of water. 
hv = draft loss due to velocity, inches of water. 

^Bd = draft loss due to bends, inches of water. 
he = draft loss due to contraction of opening, inches of water. 
ho = draft loss due to enlargement of opening, inches of water. 
hE = draft loss through the economizer, inches of water. 

hR = draft loss through recuperators, regenerators, or air heaters, inches of water. 

The left hand member of Equation 13 represents the total amount of 
available draft created by the pressure transformer, that is, the natural 
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Table 1. Recommended Minimum Chimney Sizes for 
Heating Boilers and Furnaces a 


Warm Am 
Furnace 
Capacity 

IN Sq In. 

OP Leader 
Pipe 

Steam 
Boiler 
Capacitt 
Sq Ft 

OP Radi- 
ation 

Hot 
Water 
Heater 
Capacity 
Sq Ft 

OF Radi- 
ation 

Nominal 
Dimen- 
sions OP 
Fire Clay 
Lining 
in Inches 

Rectangular Flue 

Round Flue 

Height 

IN Ft 
Above 
Grate 

Actual 
Inside 
Dimensions 
of Fire Clay 
Lining 
in Inches 

Actual 

Area 

Sq In- 

Inside 
Diam- 
eter of 
Lining 
in 

Inches 

Actual 

Area 

Sq In. 

790 

590 

973 

8}^xl3 

7 X llj^ 

81 



35 

1000 

690 

1,140 




10 

79 



900 

1,490 

13x13 

llJixlli^ 

127 





900 

1,490 

8J^xl8 

65^x1634 

110 





1,100 

1,820 




12 

113 

40 


1,700 

2,800 

13x18 

ilMx 1634 

183 





1,940 

3,200 



1 

15 

177 



2,130 

3,520 

18x18 

ISMxlSH 

248 





2,480 

4,090 

20x20 

17MX17J4 

298 



45 


3,150 

5,200 




18 

254 

50 


4,300 

7,100 




20 

314 



4,600 

7,590 

20x24 

17x21 

357 





5,000 

8,250 

24x24 

21x21 

441 



55 


5,570 

9,190 


24 X 24b 

576 



60 


5,580 

9,200 




22 

380 



6,980 

11,500 




24 

452 

65 


7,270 

12,000 


24 X 28b 

672 





8,700 

14,400 


28 X 28b 

784 





9,380 

15,500 




27 

573 



10,150 

16,750 


30 X 30b 

900 





10,470 

17,250 


28 X 32b 

896 





aThis table is taken from the A.S.H.V.E. Code of Minimum Requirements for the Heating and Venti- 
lation of Buildings (Edition of 1929). 

bDimensions are for unlined rectangular flues. 


draft chimney, Venturi chimney, or fan, and is equal to the theoretical 
intensity less the internal losses incidental to operation. The right hand 
member represents the sum of all of the various losses of draft throughout 
the entire boiler plant installation outside of the pressure transformer 
itself. The left hand member expresses the available intensity and is 
analogous to the head developed by a centrifugal pump in a water works 
system, while the right hand member expresses the required draft in- 
tensity and is analogous to the total dynamic head in a water works 
system. For a general circulation of gases 

- Dr (14) 

where 

Da, = available draft intensity, inches of water. 

Dr = required draft, inches of water. 

The draft loss through the fuel bed (%), or the amount of draft required to 
effect a given or required rate of combustion, varies between wide limits 
and represents the greater portion of the required draft. In coal-fired 
installations, the draft loss through the fuel bed is dependent upon the 
following factors: (1) character and condition of the fuel, clean or dirty; 
(2) percentage of ash in the fuel; (3) volume of interstices in the fuel bed, . 
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coarseness of fuel; (4) thickness of the fuel bed, rate of combustion; 
(5) type of grate or stoker used; (6) efficiency of combustion. 

There is a certain intensity of draft with which the best results will be 
obtained for every kind of coal arid rate of combustion. Fig. 8 gives the 
intensity of draft, or the vacuum in the combustion chamber required to 
burn various kinds of coal at various rates of combustion. Expressed in 
other words, these curves represent the amount of draft required to force 
the necessary amount of air through the fuel bed in order to effect various 
rates of combustion. It will be noted that the amount of draft increases 
as the percentage of volatile matter diminishes, being comparatively low 
for the lower grades of bituminous coals and highest for the high grades 
and small sizes of anthracites. Also, when the interstices of the coal are 
large and the particles are not well broken up, as with bituminous coals, 



PouniTis of Co«7iI Burned per 5^. Ft of 6r£7ite Surf^Tice per Hr 


Fig. 8. Draft Required at Different Rates of Combustion 
FOR Various Kinds of Coal 

much less draft is required than when the particles are small and are well 
broken up, as with bituminous slack and the small sizes of anthracites. In 
general, the draft loss through the fuel bed increases as: (1) the per- 
centage of volatile matter diminishes; (2) the percentage of fixed carbon 
increases; (3) the thickness of the bed increases; (4) the percentage of ash 
increases; (5) the volume of the interstices diminishes. 

In making the preliminary assumptions for the draft loss through the 
fuel bed, due allowances should be made for a possible future change in 
the grade of fuel to be burned and also in the rate of combustion. A value 
should be selected for this loss which will represent not only the highest 
rate of combustion which will be encountered, but also the grade of coal 
which has the greatest resistance through the fuel bed and which may be 
burned at a later date. 

In powdered-fuel and oil-fired installations, there will be no draft loss 
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through the fuel bed since there is none and, consequently, this factor 
becomes zero in the general draft equation. All other factors being 
constant, the height of the chimney in installations of this character will 
be less than the height in coal-fired installations, and in the case of me- 
chanical draft installations the driving units need not be as large since the 
head against which the fan is to operate is not as great in the former as 
in the latter. 

The draft loss through the boiler and setting (Ab) also varies between wide 
limits and, in general, depends upon the following factors: 


1. Type of boiler. 

2. Size of boiler. 

3. Rate of operation. 

4. Arrangement of tubes. 

9. Location of 


5. Arrangement of baffles. 

6. Type of grate. 

7. Design of brickwork setting. 

8. Excess air admitted, 
into breeching. 


Curves showing the draft loss through the boiler are usually based on 
the load or quantity of gases passing through the boiler, expressed in 
terms of percentage of normal rate of operation. Owing to the great 
variety of boilers of different designs and the various schemes of baffling, 
it is impossible to group together a set of curves for the draft loss through 
the boiler which may even be used generally. It is therefore necessary to 
secure this information from the manufacturer of the particular type of 
boiler and baffle arrangement under consideration. 

When a boiler is installed and in operation, the draft loss depends upon 
the amount of gases flowing through it. This, in turn, depends upon the 
proportion of excess air admitted for combustion. The amount of excess 
air is measured by the CO2 content; the less the amount of CO2, the 
greater the amount of excess air and hence the greater the draft loss. 

The loss of draft through the boiler will vary directly as the size of the 
boiler and the length of the gas passages within. The loss also varies as 
the number of tubes high, but not in a direct ratio inasmuch as the loss 
due to the reversal of flow at the ends of the baffles remains constant 
regardless of the height of the boiler. The arrangement of the tubes, 
whether the gases flow parallel to or at right angles to the tubes, has an 
appreciable effect on the loss. The arrangement of the baffles influences 
the draft loss greatly, the loss through a boiler with five passes being 
greater than the loss through one of three or four passes. A poor design 
arid a rough condition of the brickwork will increase the loss greatly, 
whereas a proper design and a smooth condition will keep the loss at a 
minimum. The loss through the boiler will be less when the breeching 
entrance is located at or near the top of the boiler than when it is located 
at or near the bottom since the gases have a shorter distance to travel 
in the former instance. 

The draft loss through the breeching Qibt) is given by the general 
equation : 


0.000194 

A^BoWcC^r 


(15) 
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where 


W = the amount of gases flowing, pounds per second. 

Tc = absolute temperature of breeching gases, degrees Fahrenheit. 

/ == coefficient of friction. 

L = length of breeching, feet. 

A — area of breeching, square feet. 

Bq = atmospheric pressure corresponding to altitude, inches of mercury. 

Wc — weight of a cubic foot of breeching gases at 0 F and sea level atmospheric 
pressure, pounds per cubic foot. 

Cbr = hydraulic radius of breeching section. 


It has been the general custom to lump off the intensity of the breeching 
loss at 0.10 in. of water per 100 ft of breeching length regardless of its size 
or shape or the amount and temperature of the gases flowing through it. 
This practice is hazardous and has no more foundation in fact than that of 
determining the friction head in a water works system without taking 
into consideration the size of the pipe or the amount of water flowing 
through it. When the length of the breeching is relatively short, any 
variation in any one of the factors in the equation will have no appreciable 
effect on the draft loss. However, when the breeching is relatively long, 
the draft loss is affected greatly by the various factors, particularly by the 
size and shape as well as by the weight of gases flowing. 

The draft loss due to velocity Qiy) is given by the equation 


, o,oooi94Ty2rc 


(16) 


and represents the amount of draft required to accelerate the gases from 
zero velocity to the velocity at which the gases are flowing, or in other 
words, from a static gas condition of zero flow to the amount of gases 
flowing throughout the installation. This loss corresponds to the velocity 
head in water works systems. 

The draft loss due to bends (^sd) is equivalent to the loss due to the 
velocity head for a 90-deg bend. In changing direction of flow, the gas 
velocity decreases to zero with a loss of velocity head and then increases 
to its proper value at the expense of a loss in pressure head, the net result 
being a loss in pressure head equal to the velocity head at the bend. 
This loss is given by the equation: 


_ OmOWiW^Tc 
A^BoWc 


(17) 


The friction at a right-angle bend is sometimes expressed as the 
equivalent of a straight length of flue of a certain length for a certain 
diameter, similar to the procedure used in estimating the loss due to 
bends in piping systems conducting water. Most flues, however, par- 
ticularly breechings, are built square or rectangular in section and no 
general equation based on the shape of the flue can be conveniently 
expressed. 

The draft loss due to sudden contraction of an area (he) is given by the 
equation : 


436 



Chapter 26 — Chimneys and Draft Calculations 


cohere 


he = 


A\BoWc: 


( 18 ) 


Kc 

As 


= coefficient of sudden contraction based on the ratio of the areas of the 

Ai 


smaller to the larger section. 
= area of the smaller section. 


When the flue or passage through which the gases flow is suddenly 
contracted, a considerable portion of the static head in the larger section 
is converted into velocity head and a draft loss of some consequence, par- 
ticularly in a short breeching, takes place. A sudden contraction should 
always be avoided where possible. At times, however, due to obstruc- 
tions or limited head-room, it is necessary to alter the size of the breeching, 
but a sudden contraction may be avoided by gradually decreasing the 
area over a length of several feet. 

The draft loss due to a sudden enlargement of an area (ho) is given by the 
equation : 


iwhere 

Ko 


ho = 


0.0Q0i94irofygrc 

AIBoWc 


( 19 ) 


— coefficient of sudden enlargement based on the ratio of the areas of the 
smaller to the larger section. 


When the flue or passage through which the gases flow is suddenly 
enlarged, a portion of the velocity head is converted into static head in the 
larger section and, like the loss due to sudden contraction, a loss of some 
consequence, particularly in short breechings, takes place. A sudden 
enlargement in a breeching may be avoided by gradually increasing the 
area over a length of several feet. In large masonry chimneys, the area of 
the flue at the region of the breeching entrance is considerably larger 
than the area of the breeching at the chimney, and a sudden enlargement 
exists. 

The draft loss through the economizer (^e) should be obtained from the 
manufacturer but for general purposes it may be computed from the 
following general equation: 


He = 


Q.QW^NTc 


( 20 ) 


ivhere 

Wn — pounds of gases flowing per hour per linear foot of pipe in each economizer 
section. 

N = number of economizer sections. 

An economizer in a steam plant affects the draft in two ways, (1) it 
offers a resistance to the flow of gases, and (2) it lowers the average 
chimney gas temperature, thereby decreasing the available intensity. In 
the case of a natural draft installation, both of these factors result in a 
relative increase in the height of the chimney and, in the case of a large 
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plant, they may add as much as 20 or 30 ft to the height. The decrease 
in the temperature of the gases after they have passed through the 
economizer has an extremely important effect on the performance of a 
natural draft chimney and also upon the performance of a fan. 


CONSTRUCTION DETAILS 

For general data on the construction of chimneys reference should be 
made to the Standard Ordinance for Chimney Construction of the 
National Board of Fire Underwriters. Briefly summarized, these provisions 
are as follows for heating boilers and furnaces : 

The construction, location, height and area of the chimney to which a heating boiler 
or warm-air furnace is connected affect the operation of the entire heating system. Most 
residence chimneys are built of brick and may be either lined or unlined, but in either 
case the walls must he air-tight and there should be only one smoke opening into the 
chimney. Cleanout, if provided, must be absolutely air-tight when closed. 

The walls of brick chimneys shall be not less than 3?^ in. thick (width of a standard 
size brick) and shall be lined with fire-clay flue lining. Fire-clay flue linings shall be 
manufactured from suitable refractory clay, either natural or compounded, and shall 
be adapted to withstand high temperatures and the action of flue gases. They shall be 
of standard commercial thickness, but not less than ^ in. All fire-clay flue linings shall 
meet the standard specification of the Eastern Clay Products Association. The flue 
sections shall be set in special mortar, and shall have the joints struck smooth on 
inside. The masonry shall be built around each section of lining as it is placed, and all 
spaces between masonry and linings shall be completely filled with mortar. No broken 
flue lining shall be used. Flue lining shall start at least 4 in. below the bottom of smoke- 
pipe intakes of flues, and shall be continued the entire heights of the flues and project 
at least 4 in. above the chirnney top to allow for a 2 in. projection of lining. The wash or 
splay shall be formed of a rich- cement mortar. To improve the draft the wash surface 
should be concave wherever practical. 

Flue lining may be omitted in brick chimneys, provided the walls of the chimneys 
are not less than 8 in, thick, and that the inner course shall be a refractory clay brick. 
All brickwork shall be laid in spread mortar, with all joints push-filled. Exposed joints 
both inside and outside shall be struck smooth. No plaster lining shall be permitted. 

Chimneys shall extend at least 3 ft above flat roofs and 2 ft above the ridges of peak 
roofs when such flat roofs or peaks are within 30 ft of the chimney. The chimney 
shall be high enough so that the wind from any direction shall not strike the top of the 
chimney from an angle above the horizontal. The chimney shall be properly capped with 
stone, terra cotta, concrete, cast-iron, or other approved material; but no such cap 
or coping shall decrease the flue area. 

There shall be but one connection to the flue to which the boiler or furnace smoke- 
pipe is attached. The boiler or furnace smoke-pipe shall be thoroughly grouted into the 
chimney and shall not project beyond the inner surface of the flue lining. 

The size or area of flue lining or of brick flue for warm-air furnaces depends on height 
of chimney and capacity of heating system. For chimneys not less than 35 ft in height 
above grate line, the net internal dimensions of lining should be at least 7 x 11 in. 
for a total leader pipe area up to 790 sq in. Above 790 and up to 1,000 sq in. of leader 
pipe area the lining should be at least 11}^ x llM in. inside. In case of brick flues not 
less than 35 ft in height with no linings, the internal dimensions should be at least 
8 X 12 in. up to 790 sq in. of leader area, and at least 12 x 12 in. for leader capacities hp to 
1,000 sq in. Chimneys under 35 ft in height are unsatisfactory in operation and hence 
should be avoided- . ^ ‘ 


CHIMNEYS FOR GAS HEATING 

The burning of gas differs from the burning of coal in that the force 
which supplies the air for combustion of the gas comes largely from the 
pressure of the gas in the supply pipe, whereas air is supplied to a-bied’iof 
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burning coal by the force of the chimney draft. If, with a coal-burning 
boiler, the draft is poor, or if the chimney is stopped, the fire is smothered 
and the combustion rate reduced. In a gas boiler or furnace such a 
condition would interfere with the combustion of the gas, but the gas 
would continue to pass to the burners and the resulting incomplete com- 
bustion would produce a dangerous condition. In order to prevent incom- 
plete combustion from insufficient draft, all gas-fired boilers and furnaces 
should have a back-draft diverter in the flue connection to the chimney. 

A study of a typical back-draft diverter (Fig. 9) shows that partial' or 
complete chimney stoppage will merely cause some of the products of 
combustion to be vented out into the boiler room, but will not interfere 
with combustion. In fact, gas-designed appliances must perform safely 



under such a condition to be approved by the American Gas Association 
Laboratory. Other functions of the back-draft diverter are to protect the 
burner and pilot from the effects of down-drafts, and to neutralize the 
effects of variable chimney drafts, thus maintaining the appliance ef- 
ficiency at a substantially constant value. Converted boilers or furnaces, 
as well as gas-designed appliances, should be provided with back-draft 
diverters. 

As is the case with the complete combustion of almost all fuels, the 
products of combustion for gas are carbon dioxide (CO 2 ) and water vapor 
with just a trace of sulphur trioxide {SO^. Sulphur usually burns to the 
trioxide in the presence of an iron oxide catalyst. The volume of water 
vapor in the flue products is about twice the volume of the carbon dioxide 
when coke oven or natural gas is burned. Because of the large quantity 
of water vapor which is formed by the burning of gas, it is quite important 
that all gas-fired central heating plants be connected to a chimney having 
a good draft. Lack of chimney draft causes stagnation of the products of 
combustion in the chimney and results in the condensation of a large 
amount of the water vapor. A good chimney draft draws air into the 
chimney through the openings in the back-draft diverter, lowers the dew 
point of the mixture, and reduces the tendency of the water vapor to 
condense. 
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A chimney for a gas-fired boiler or furnace should be constructed in 
accordance with the principles applicable to other boilers. Where the 
wall forming a smoke flue is made up of less than an 8-in. thickness of 
brick, concrete, or stone, a burnt fire clay flue tile lining should be used. 
Care should be used that the lengths of flue tile meet properly with no 
openings at the joints. Cement mortar should be used for the entire 
chimney. 


Table 2. Minimum Round Chimney Diameters for Gas Appliances (Inches) 


Gas Constjmption ik Thousands op Btu per Hour 


UHIMNBT 

Feet 

100 

200 

300 

400 

500 

750 

1000 

1500 

2000 

20 

4.50 

5.70 

6.60 

7.30 

8.00 

9.40 

10.50 

12.35 

13.85 

40 

4.25 

5.50 

6.40 

7.10 

7.80 

9.15 

10.25 

12.10 

13.55 

60 

4.10 

5.35 

6.20 

6.90 

7.60 

8.90 

10.00 

11.85 

13.25 

80 

4.00 

5.20 

6.00 

6.70 

7.35 

8.65 

9.75 

11.50 

12.85 

100 

3.90 

5.00 

5.90 

6.50 

7.20 

8.40 1 

9.40 

11.00 

12.40 


Table 2 gives the minimum cross-sectional diameters of round chim- 
neys (in inches) for various amounts of heat supplied to the appliance, 
and for various chimney heights. This is in accordance with American 
Gas Association recommendations. 

The flue connections from a gas-fired boiler or furnace to the chimney 
should be of a non-corrosive material. In localities where the price of 
gas requires the use of highly efficient appliances, the material used for 
the flue connection not only should be resistant to the corrosion of water, 
but should resist the corrosion of dilute solutions of sulphur trioxide in 
water. Sheet aluminum, as well as some other materials, seems to serve 
this purpose very well. 


PROBLEMS IN PRACTICE 

1 # What is draft? 

Draft is an unbalanced pressure between the atmosphere and the passages in the ap- 
paratus or construction through which the gases flow. 

2 • What two kinds of draft need be considered? 

Natural draft caused by temperature differences, and artificial draft caused by me- 
chanical forcing. 

3 • What is the effective height of a chimney? 

The height from the grate level to the top of the chimney is the effective height in pro- 
ducing natural draft. 

4 • What dual purpose does a tall chimney fulfill? 

A tall chimney primarily creates the necessary draft to move the air required for the 
combustion process and to move the products of combustion, and secondarily it dis- 
charges the gases at a high elevation to prevent them from becoming a nuisance. 
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5 # a. Name the principal advantages of natural draft. 

b. Name the principal disadvantages of natural draft. 

a. Simplicity, reliability, freedom from mechanical parts, low cost of maintenance, 
relatively long life, relatively low depreciation, operation with no power requirement. 

b. Lack of flexibility, irregularity, dependence on surroundings, susceptibility to tem- 
perature changes. 

6 • How is mechanical draft created? 

By forced draft, by induced-draft fans, or by a Venturi chimney. 

7 # Distinguish between theoretical and available draft. 

Theoretical draft is the difference in pressure inside and outside the base of a chimney 
when it is under operating temperatures but when there are no gases flowing. Available 
draft is less than theoretical draft by the friction loss due to the flow of gases through 
the chimney. 

8 • Explain the term eflSciency of a natural draft chimney. 

The efficiency of a chimney is the ratio of the work it does in moving gases to the theo- 
retical amount of power it generates. 

9 • How is the available draft used in a heating plant? 

The available draft at the base of the chimney is used to overcome the loss in pressure 
through the grate, the fuel bed, the boiler passes, the breeching, and the chimney. 

10 • What are some of the factors that influence the draft loss through the fuel 
bed? 

Uniformity and size of coal, the amount of ash mixed with the fuel on the grate, thickness 
of fuel bed, rate of combustion, amount of air supply as related to the coal burning rate. 

11 # How does the volatile matter content affect the draft loss through the fuel 
bed? 

The higher the volatile content and the lower the fixed carbon content, the lower the 
draft loss. 

12 • In what cases will there be no fuel bed draft loss? 

In oil, gas, and powdered fuel firing the fuel is mixed and burned in suspension; con- 
sequently, no measurable resistance is encountered in the combustion zone. 

13 # Is it possible to state an average value for the draft loss through a boiler 
and its setting? 

No. The draft loss varies widely and depends on many factors such as the size and type 
of gas passageways. The manufacturer is usually able to supply such information. 

14 • Of what significance is the CO 2 content of stack gases in establishing 
draft loss? 

The CO2 content of the exit gases is a measure of the completeness of the combustion and 
the amount of excess air supplied. Low CO2 indicates a high excess of air and hence 
a high draft loss. 

15 • What two effects does an economizer have on the draft loss? 

An economizer offers resistance to the flow of gases over the added surfaces; it lowers the 
temperature of the gases going to the chimney and therefore decreases the available 
draft. This decrease often necessitates the addition of forced draft. 

16 # What main provisions should be considered in good chimney construction? 

Chimneys should be air-tight and connected to only one smoke opening. The chimney 
top should be high enough above surroundings so the wind will not strike it at any angle 
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above the horizontal. Chimney walls should be not less than one brick in width, and 
they should be lined with fire clay tile of the size required for the attached heating unit. 
Tile lining sizes are stated as outside dimensions; therefore, their effective dimensions 
are less by the thickness of the wall. 

17 • WHat is the purpose of a back draft diverter as used on gas burning units? 

Since the fuel is supplied under pressure independent of draft it is necessary to free the 
unit from the variable chimney draft and to supply air for combustion in direct propor- 
tion to the supply of fuel gas. The back draft diverter protects the pilot and burners 
from down drafts. 
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FUELS AND COMBUSTION 


Classification of Coal, Air for Combustion, Draft Required, Com- 
bustion of Anthracite, Firing Bituminous Coal, Burning Coke, 

Hand Firing, Classification and Use of Oil, Classification and 

Use of Gas 

T he choice of fuel for heating is a question of economy, cleanliness, 
fuel availability, operation requirements, and control. The principal 
fuels to be considered are coal, oil, and gas. 

COAL 

The complex composition of coal makes it difficult to classify it into 
clear-cut types. Its chemical composition is some indication but coals 
having the same chemical analysis may have distinctly different burning 
characteristics. Users are mainly interested in the available heat per 
pound of coal, in the handling and storing properties, and in the burning 
characteristics. A description of the relationship between the qualities 
of coals and these characteristics requires considerable space; a treatment 
applicable to heating boilers is given in U, S. Bureau of Mines Bulletin 276. 

A classification of coals is given in Table 1, and a brief description of the 
kinds of fuels is given in the following paragraphs, but it should be 
recognized that there are no distinct lines of demarcation between tW 
kinds, and that they graduate into each other: 

Anthracite is a clean, dense, hard coal which creates very little dust in handling. It 
is comparatively hard to ignite but it burns freely when well started. It is non-caking, 
it burns uniformly and smokelessly with a short flame, and it requires little attention to 
the fuel beds between firings. It is capable of giving a high efficiency in the common 
types of hand- fired furnaces. 

Semi-anthracite has a higher volatile content than anthracite, it is not as hard and 
ignites somewhat more easily; otherwise its properties are similar to those of anthracite. 

Semi-bituminous coal is soft and friable, and fines and dust are created by handling it. 
It ignites somewhat slowly and burns with a medium length of flame. Its caking prop- 
erties increase as the volatile matter increases, but the coke formed is relatively weak. 
Having only half the volatile matter content of the more abundant bituminous coals it 
can be burned with less production of smoke, and it is sometimes called smokeless coal. 

The term bituminous coal covers a large range of coals and includes many types having 
distinctly different composition, properties, and burning characteristics. The coals range 
from the high-^ade bituminous coals of the East to the poorer coals of the West. Their 
caking properties range from coals which completely melt, to those from which the 
volatiles and tars are distilled without change of form, so that they are classed as non- 
caking or free-burning. Most bituminous coals are strong and non-friable enough to 
permit of the screened sizes being delivered free from fines. In general, they ignite 
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easily and burn freely; the length of flame varies with different coals, but it is long. Much 
smoke and soot are possible especially at low rates of burning. 

Sub-biiuminous coals occur in the western states; they are high in moisture when 
mined and tend to break up as they dry or when exposed to the weather; they are liable 
to ignite spontaneously when piled or stored. They ignite easily and quickly and have a 
medium length flame, are non-caking and free-burning; the lumps tend to break into 
small pieces if poked; very little smoke and soot are formed. 

Lignite is of woody structure, very high in moisture as mined, and of low heating 
value; it is clean to handle. It has a greater tendency than the sub-bituminous coals to 
disintegrate as it dries, and it also is more liable to spontaneous ignition. Freshly mined 
lignite, because of its high moisture, ignites slowly. It is non-caking. The char left after 
t& moisture and volatile matter are driven off burns very easily, like charcoal. The 
lumps tend to break up in the fuel bed and pieces of char falling into the ash pit continue 
to burn. Very little smoke or soot is formed. 

Coke is produced by the distillation of the volatile matter from coal. The type of 
coke depends on the coal or mixture of coals used, the temperatures and time of distil- 
lation and, to some extent, on the type of retort or oven; coke is also produced as a 
residue from the destructive distillation of oil. 


Table 1. Classification of Coals by Rank/ 


Legend: F.C. = Fixed Carbon. V.M. == Volatile Matter. Btu = British thermal units. 


Class 

Group 

Limits op Fixed Carbon or Btu 
Minbral-Mattbr-Freb Basis 

Requisite Physical 
Properties 



Diy F.C., 98 per cent or more (Dry 
V.M., 2 per cent or less) 

Dry F.C., 92 per cent or more and less 
than 98 per cent (Dry V.M., 8 per 
cent or less and more than 2 per cent) 
Dry F.C., 86 per cent or more and less 
than 92 per cent (Dry V.M.,, 14 per 
cent or less and more than 8 per cent) 


I. Anthracite 

2. Anthracite 

3, Semi-anthracite 

Non-agglutinating* 

II. Bituminous®.- ■ 

1. Low volatile bituminous coal 

2. Medium volatile bituminous coal 

3. High volatile A bituminous coal.. 

4. High volatile 5 bituminous coaL 

5. High volatile C bituminous coal.. 

1. Sub-bituminous A coal._ 

Dry F.C., 77 per cent or more and less 
than 86 per cent (Dry V.M., 23 per 
cent or leas and more than 14 per 
cent) 

Dry F.C., 69 per cent or more and less 
than 77 per cent (Dry V.M., 31 per 
cent or less and more than 23 per 
cent) 

Dry F.C., less than 69 per cent (Dry 
V.M., more than 31 per cent); and 
moist** Btu, 14,000'* or more 

Moist** Btu, 13,000 or more and less 
than U.OOO'* 

Moist Btu, 11,000 or more and less 
than 13,000‘* 

Moist Btu, 11.000 or more and less 
than 13,000'* 

Moist Btu 9500 or more and less 

Either agglutinating 
or non-weathering« 

Both weathering and 
non-agglutinating 

III. Sub-bituminous.,' 

2. Sub-bituminous B coal 

3. Sub-bituminous C coal 

than 11,000'* 

Moist Btu 8300 or more and less 




than 9500'* 


TV Tiigrnit.ift | 

1. Lignite- — 

Moist Btu less than 8300 

Consolidated 


2. Brown coal 

Moist Btu leas than 8300 

Unconsolidated 


“If agglutinating, classify in low-volatile group of the bituminous class. 

*»Moist Btu refers to coal containing its natural bed moisture but not including visible water on the 
surface of the coal. 

“Pending the report of the Subcommittee on Origin and Composition and Methods of Analysis, it is 
recognized that there may be non-caking varieties in each group of the bituminous class. 

‘‘Coals having 69 per cent or more fixed carbon on the dry, mineral-matter-free basis shall be classified 
according to fixed carbon, regardless of Btu. 

•There are three varieties of coal in the High-volatile C bituminous coal group, namely. Variety 1, 
agglutinating and non-weathering; Variety 2, agglutinating and weathering; Variety 3, non-agglutinating 
and non-weathering. 

/Adapted from A.S.T.M. Standards on Coal and Coke, p. 68, American Society for Testing Materials, 
Philadelphia, 1934. 
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High-temperature cokes. Coke as usually available is of the high-temperature type, 
and contains between 1 and 2 per cent volatile matter. High-temperature cokes are sub- 
divided into leehive coke of which comparatively little is now sold for domestic use, by- 
product coke, which covers the greater part of the coke sold, and gas-house coke. The 
diiferences among^ these three cokes are relatively small ; their denseness and hardness 
decrease and friability increases in the order named. In general, the lighter and more 
friable cokes ignite and burn the more easily. 

Low-temperature cokes are produced at low coking temperatures, and only a portion 
of the volatile matter is distilled off. Cokes as made by various processes under develop- 
ment have contained from 10 to 15 per cent volatile matter. In general, these cokes 
ignite and burn more readily than high-temperature cokes. The properties of various 
low-temperature cokes may differ more than those of the various high-temperature cokes 
because of the differences in the quantities of volatile matter and because some may be 
light and others briquetted. 

The sale of petroleum cokes for domestic furnaces has been small and is generally 
confined to the Middle West. They vary in the amount of volatile matter they contain, 
but all have the common property of a very low ash content, which necessitates the 
use of refractory pieces to protect the grates from being burned. 

In order to obtain perfect combustion a definite amount of air is re- 
quired for each pound of fuel fired. A deficiency of air supply will result 
in combustible products passing to the stack unburned. An excess of air 
absorbs heat from the products of combustion and results in a greater loss 
of sensible heat to the stack. 

Total Air Required. The theoretical amount of air required per pound 
of fuel for perfect combustion is dependent upon the analysis of the fuel ; 

Table 2. Pounds of Air per Pound of Fuel as Fired 


Anthracitii 

Coke 

Semi-Bituminous 

Bituminous 

Lignite 

9.6 

11.2 

11.2 

10.3 

6.2 


however, for estimating purposes the theoretical air required for different 
grades of fuel may roughly be taken from Table 2. An excess of about 
50 per cent over the theoretical amount is considered good practice under 
usual operating conditions. 

The amount of excess air, based upon the laws of combustion, can be 
determined by its relation to the percentage of CO% (carbon dioxide) in 
the products of combustion. This relationship is shown by the curves 
(Fig. 1) for high and low volatile coals and for coke. In hand-fired fur- 
naces with long periods between firings the combustion goes through a 
cycle in each period and the quantity of excess air present varies. 

Secondary Air. The division of the total into primary and secondary 
air necessary to produce the same rate of burning and the same excess air 
depends on a number of factors which include size of fuel, depth of fuel 
bed, and diameter of fire pot. The ratio of the secondary to the primai^ 
air increases with decrease in the size of the fuel pieces, with increase in 
the depth of the fuel bed, and with increase in the area of the fire pot; the 
ratio also increases with increase in rate of burning. 

Size of the fuel is a very important factor in. fixing the quantity of 
secondary air required for non-caking coals. With caking coals it is not 
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so important because small pieces fuse together and form large lumps. 
Fortunately a smaller size fuel gives more resistance to air flow through 
the fuel bed and thus automatically causes a larger draft above the fuel 
bed, which draws in more secondary air through the same slot openings. 
In spite of this, a small size fuel requires a larger opening of the door 
slots; for a certain size for each fuel no slot opening is required, and for 
larger sizes too much excess air gets through the fuel bed. 

It is impossible to establish a single rule for the correct slot opening for 
all types and sizes of fuels and for all rates of burning. Furthermore, the 



Fig. 1. Relation Between CO2 and Excess Air in Gases of Combustion 


size of slot opening is dependent on whether the ashpit damper is open 
or closed- It is better to have too much than too little secondary air ; the 
opening is too small if there is a puff of flame when the firing door is opened. 

Fig. 2, taken from the U, S. Bureau of Mines Report of Investigations 
No. 2980, shows the relationship of the slot opening, for a domestic fur- 
nace, to the size of coke and the rate of burning; these openings are with 
the ashpit damper wide open, and would be less if the available draft 
permits of its being partly closed. The same openings are satisfactory for 
anthracite. 

Bituminous coals require a large amount of secondary air during the 
period subsequent to a firing in order to consume the gases and to reduce 
the smoke. The smoke produced is a good indicator, and that opening is 
best which reduces the smoke to a minimum. Too much secondary air 
will cool the gases below the ignition point, and prove harmful instead of 
beneficial. The following suggestions will be helpful: 

1. In cold weather, with high combustion rates, the secondary air damper should be 
half open all the time. 

2. In very mild weather, with a very low combustion rate, the secondary air damper 
should be closed all the time. 
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From U. S. Bureau of Mines. 

Fig. 2. Relative Amount of Fire Door Slot Opening Required in a Given 
Furnace to Give Equally Good Combustion for High Temperature 
Coke of Various Sizes When Burned at Various Rates 

3. For temperatures between very mild and very cold, the secondary air damper 
should be in an intermediate position. 

4. For ordinary house operation, secondary air is needed after each firing for about 
one hour. 

Draft Required 

The draft required to effect a given rate of burning the fuel as measured 
at the smokehood is dependent on the following factors: 

1. Kind and size of fuel. 

2. Combustion rate per square foot of grate area per hour. 

3.. Thickness of fuel bed. 

4. Type and amount of ash and clinker accumulation. 

5. Amount of excess air present in the gases. 

6. Resistance offered by the boiler passes to the flow of the gases. 

7. Accumulation of soot in the passes. 

Insufficient draft will necessitate additional manipulation of the fuel 
bed and more frequent cleanings to keep its resistance down. Insufficient 
draft also restricts the control by adjustment of the dampers. 

The quantity of excess air present has a marked effect on the draft 
required to produce a given rate of burning, and it is often possible to 
produce a higher rate by increasing the thickness of the fuel bed. 

Combustion of Anthracite^ 

An anthracite fire should never be poked, as this serves to bring ash to 
the surface of the fuel bed where it melts into clinker. 

Egg size is suitable for large firepots (grates 24 in. and over) if the fuel 


reports published by The Anihraciie Institute Lahoralory , Primos, Pennsylvania. 
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can be fired at least 16 in. deep. The air spaces between the pieces of coal 
are large, and for best results this coal should be fired deeply. 

Slave size coal is the proper size of anthracite for many boilers and 
furnaces used for heating buildings. It burns well on grates at least 16 in. 
in diameter and 12 in. deep. The only instructions needed for burning 
this type of fuel are that the grate should be shaken daily, the fire should 
never be poked or disturbed, and the fuel should be fired deeply and 
uniformly. 

Chestnut size coal is in demand for firepots up to 20 in. in diameter, with 
a depth of from 10 to 15 in. 

Pea size coal is often an economical fuel to burn. It is relatively low 
in price. When fired carefully, pea coal can be burned on standard grates. 
It is well to have a small amount of a larger fuel on hand when building 
new fires, or when filling holes in the fuel bed. Care should be taken to 
shake the grates only until the first bright coals begin to fall through the 
grates. The fuel bed, after a new fire has been built, should be increased 
in thickness by the addition of small charges until it is at least level with 
the sill of the fire door. This keeps a bed of ignited coal in readiness 
against the time when a sudden demand for heat shall be made on the 
heater. 

Pea size coal requires a strong draft and therefore the best results 
generally will be obtained by keeping the choke damper open, the cold- 
air check closed, and by controlling the fire with the air-inlet damper only. 
Pea size can also be fired in layers with stove or egg size anthracite and 
its use in this manner will reduce the fuel costs and attention required. 

Buckwheat size coal requires much the same attention as pea size coal, 
except that the smaller size of the fuel makes it more difficult to burn on 
ordinary grates. Even greater care must be taken in shaking the grates 
than with pea coal on account of the danger of the fuel falling through 
the grate. A good draft is required and consequently the fire is best 
controlled by the air-inlet damper only. Where frequent attention can 
be given and where there is not a big heat demand, this fuel is frequently 
burned without the aid of any special equipment. 

In general it will be found more satisfactory with buckwheat coal to 
maintain a uniform heat output and consequently to keep the system 
warm all the time, rather than to allow the system to cool off at times 
and then to attempt to burn the fuel at a high rate while warming up. A 
uniform low fire will minimize the clinker formation and keep the clinker 
in an easily broken up cbndition so that it readily can be shaken through 
the grate. 

Forced draft and special grates or retorts frequently are used with this 
fuel for best results. 

No. 2 buckwheat anthracite, or rice size, is used only with forced draft 
equipment on mechanical stokers. No. 3 buckwheat anthracite, or barley, 
has no application in domestic heating. 

Firing Bituminous Coal 

Bituminous coal should never be fired over the entire fuel bed at one 
time. A portion of the glowing fuel ' should always be left exposed to 
ignite the gases leaving the fresh charge. 
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Air should be admitted over the fire through a special secondary air 
device, or through a slide in the fire door or by opening the fire door 
slightly. If the quantity of air admitted is too great the gases will be 
cooled below the ignition temperature and will fail to burn. The fireman 
can judge the quantity of air to admit by noting when the air supplied 
is just sufficient to make the gases burn rapidly and smokelessly above the 
fuel bed. 

The red fuel in the firebox, before firing, excepting only a shallow layer 
of coke on the grate, should be pushed to one side or forward or back- 
ward to form a hollow in which to throw the fresh fuel. Some manu- 
facturers recommend that all red fuel be pushed to the rear of the firebox 
and that the fresh fuel be fired directly on the grate and allowed to ignite 
from the top. The object of this is to reduce the early rapid distillation 
of gases and to reduce the quantity of secondary air required for smoke- 
less combustion. 

It is well to have the bright fuel in the firebox so placed that the gases 
from the freshly fired fuel, mixed with the air over the fuel bed, pass 
over the bed of bright fuel on the way to the flues. The bed of bright 
fuel then supplies the heat to raise the mixture of air and gas to the 
ignition temperature, thereby causing the gaseous matter to burn and 
preventing the formation of smoke. 

The fuel bed should be carried as deep as the size of fuel and the 
available draft permit, in order to have as much coked fuel as possible 
for pushing to the rear of the firebox at the time of firing. A deep fuel 
bed allows the longest firing intervals. 

If the coal is of the caking kind the fresh charge will fuse into one 
solid mass which can be broken up with the stoking bar and leveled from 
20 min to one hour after firing, depending on the temperature of the 
firebox. Care should be exercised when stoking not to bring the bar up 
to the surface of the fuel as this will tend to bring ash into the high 
temperature zone at the top of the fire, where it will melt and form 
clinker. The stoking bar should be kept as near the grate as possible 
and should be raised only enough to break up the fuel. With fuels requir- 
ing stoking it may not be necessary to shake the grates, as the ash is 
usually dislodged during stoking. 

The output obtained from any heater with bituminous coal will usually 
exceed that obtainable with anthracite, since soft coal burns more rapidly 
than hard coal and with less draft. Soft coal, however, will require 
frequent attention to the fuel bed, because it burns unevenly, even 
though the fuel bed may be level, forming holes in the fire which admit 
too much air, chilling the gases over the fuel bed and reducing the 
available draft. 

Semi-bituminous coal is fired as bituminous coal, and because of its 
caking characteristics it requires practically the same attention. The 
Pocahontas Operators Association recommends the central cone method of 
firing, in which the coal is heaped on to the center of the bed forming a 
cone the top of which should be level with the middle of the firing door. 
This allows the larger lumps to fall to the sides, and the fines to remain in 
the center and be coked. The poking should be limited to breaking down 
the coke without stirring, and to gently rocking the grates. It is recom- 
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mended that the slides in the firing door be kept closed, as the thinner fuel 
bed around the sides allows enough air to get through. 

Burning Coke 

Coke is a very desirable fuel and usually will give satisfaction as soon 
as the user learns how to control the fire. Coke ignites and burns very 
rapidly with less 'draft than anthracite coal. In order to control the air 
admitted to the fuel it is very important that all openings or leaks into 
the ashpit be closed tightly. A coke fire responds more rapidly than an 
anthracite fire to the opening of the dampers. This is an advantage in 
warming up the system, but it also makes it necessary to watch the 
dampers more closely in order to prevent the fire from burning too rapidly. 
A deep fuel bed always should be maintained when burning coke. The 
grates should be shaken only slightly in mild weather and should be 
shaken only until the first red particles drop from the grates in cold 
weather. Since coke weighs only about half as much as anthracite per 
cubic foot only about half as much can be put in the firepot, so it will be 
necessary to fire oftener. The best size of coke for general use, for small 
firepots where the fuel depth is not over 20 in., is that which passes over 
a 1 in. screen and through a 13^ in. screen. For large firepots where the 
fuel can be fired over 20 in. deep, coke which passes over a 1 in. screen and 
through a 3 in. screen can be used, but a coke of uniform size is always 
more satisfactory. Large sizes of coke should be either mixed with fine 
sizes or broken up before using. 

Dustless Coal 

The practice of treating the more friable coals to allay the dust they 
create is increasing. The coal is sprayed with a solution of calcium 
chloride or a mixture of calcium and magnesium chlorides. Both these 
salts are very hygroscopic and their moisture under normal atmospheric 
conditions keeps the surface of the coal damp, thus reducing the dust 
during delivery and in the cellar, and obviating the necessity of sprinkling 
the coal in the bin. 

The coal is sometimes treated at the mine, but more usually by the 
local distributor just before delivery. The solution is sprayed under high 
pressure, using from 2 to 4 gal or from 5 to 10 lb of the salt per ton of 
coal, depending on its friability and size. 

Pulverized Coal 

Installations of pulverized coal burning plants in heating boilers are of 
the unit type, in which the pulverized coal is delivered into the furnace 
immediately after grinding, together with the proper amount of preheated 
air. With this apparatus, where the necessary furnace volume is ob- 
tainable, high efficiencies can be obtained. 

A 150-hp boiler has generally been considered the smallest size for 
which pulverized fuel is feasible. Complications are introduced if an 
installation with a single boiler has to take care of very light loads. 

Hand Firing 

Hand firing is the oldest and the most widely used method of burning 
coal for heating purposes. To keep the fuel bed in proper condition where 
hand firing is used, the following general rules should be observed : 
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1. Remove ash from fuel bed by shaking the grates whenever fresh fuel is fired. This 
removes ash from the fire, enables the air to reach the fuel, and does away with the for- 
mation of clinker which is melted ash. 

2. Supply the boiler with a deep bed of fuel. Nothing is gained by attempting to 
fire a small amount of fuel. A deep bed of fuel secures the most economical results. 

3. Remove ash from ashpit at least once daily. Never allow ash to accumulate up 
to the grates. If the ash prevents the air from passing through, the grate bars will 
burn out and much clinker trouble will be experienced. 

The principal requirements for a hand-fired furnace are that it shall have 
enough grate area and combustion space. The amount of grate area 
required is dependent upon the desired combustion rate. 

The furnace volume is influenced by the kind of coal used. Bituminous 
coals, on account of their long-flaming characteristic, require more space 
in which to burn the gases of combustion completely than do the coals 
low in volatile matter. For burning high volatile coals provision should 
be made for mixing the combustible gases thoroughly so that com- 
bustion is complete before the gases come in contact with the relatively 
cool heating surfaces. An abrupt change in the direction of flow tends to 
mix the gases of combustion more thoroughly. 

OIL 

Uniform oil specifications were prepared in 1929 by the American Oil 
Burner Association, in cooperation with the American Petroleum Institute, 
the U. S. Bureau of Standards, the American Society for Testing Materials 
and other interested organizations. Oil fuels were classified into six 
groups, as indicated by Table 3. When these specifications were prepared, 
it was generally accepted that the first three grades were adapted to 
domestic use, while the last three were suitable only for commercial and 
industrial burners. Today domestic installations are using No. 4 of the 
so-called heavy-oil group, due principally to the fact that No. 4 oils in 
general are being offered of better grade and adaptability than those called 
for in the commercial specifications. 

Since the specifications as originally drawn provide for maximum limits 
only for the several grades,' this differentiation has not proved stable. 
Realizing how unsatisfactory it is to have specifications which permit the 
substitution of one grade for another, the U. S. Bureau of Standards in 
cooperation with the American Society for Testing Materials is figuring 
on a new set of specifications providing for definite limits for each grade. 
When these specifications are adopted, it is expected that the National 
Board of Fire Underwriters will retest all burners using oils of the maximum 
specifications for the grade so that if a burner is approved for a certain 
grade it will burn any oil meeting the specifications for that particular 
grade. 

Several burners adapted to industrial use have recently been listed for 
automatic operation with No. 5 oil. Usually oils No. 5 or 6 require 
preheating for proper operation, but where conditions are favorable, No. 
5 can be used without the equipment that this entails. 

There are two reasons for the trend to lower grades of oil. While the 
lighter oils contain slightly more heat units per pound, the weight per 
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Table 3. Commercial Standard Fuel Oil Specifications'^ 
A . Detailed Requirements for Domestic Fuel Oils 


Grade of Oil 

Approx. 

Btu 

PER 
Gal. 6 

Flash Point 

Water 

AND 

Sediment, 

Maximum 

Pour 
Point, c 
Maximum 

Distillation 

Test 

Viscosity 

Maximum 

Min. 

Max. 

No. 1 
Domestic 

Fuel Oil 

A light distillate 
oil for use in 
burners requir- 
ing a high grade 
fuel. 

139.000 

IlOF 
or legal 

165 F 

0.05% 

15 F 

10% point, 
maximum 

420 F 

End point, 
maximum 

600 F 


No. 2 
Domestic 

Fuel Oil 

A medium distil- 1 
late oil for use ! 
in burners re- 
quiring a high 
grade fuel. 

141.000 

125 F 
or legal 

190 F 

0.05% 

15 F 

10% point, 
maximum 

440 F 

90% point, 
maximum 

620 F 


No. 3 
Domestic 

Fuel Oil 

A distillate fuel 
oil for use in 
burners where a 
low viscosity oil 
is required. 

143.400 

150 F 
or legal 

200 F 

i 

1 

0.1% 

15 F 

10% point, 
maximum 

460 F 

90% point, 
maximum 

675 F 

Saybolt 
Universal 
at 100 F 
55 seconds 


B. Detailed Requirements for Industrial Fuel Oils 


Grade of Oil 

Approx. 

Btu 

PER 

GAL.ft 

Flash Point, 
Min. Max. 

Water 

and 

Sediment, 

Maximum 

Pour 

Point,* 

Maximum 

Viscosity, 

Maximum 

No. 4. 

Industrial Fuel Oil 

An oil known to the trade as a light fuel 
oil for use in burners where a low vis- 
cosity industrial fuel oil is required. 

144,500 

150 F. See 
Note<^ 

1.0% 

See 

Note* 

Saybolt 
Universal 
at 100 F 
125 seconds 

No. 6 

Industrial Fuel Oil 

Same as Federal Specifications Board 
specification for bunker oil “B” for 
burners adapted to the use of indus- 
trial fuel oil of medium viscosity. 

146,000 

150 F 

1.0% 


Saybolt 
Furol 
at 122 F 
100 seconds 

No. 6 

Industrial Fuel Oil 

Same as Federal Specifications Board 
specification for bunker oil “C” for 
burners adapted to oil of high viscosity. 

150,000 

150 F 

■ Water 
sediment 

1.75% 

0.25% 

1 

Saybolt 
Furol 
at 122 F 
300 seconds 


“Adapted from “Fuel Oils,” p. 2, U, S. Detarimeni of Commerce, Bureau of Standards, Commercial 
Standard CS1S-3S, Washington, 1933. 

^'Government specifications do not give Btu per gallon, but they are noted here for information only. 

‘Lower or higher pour points may be specified whenever required by conditions of storage and use. 
However, these specifications shall not require a pour point less than 0 F under any conditions. 

‘^Whenever required, as for example in burners with automatic ignition, a maximum flash point may 
be specified. However, these specifications shall not require a flash point less than 250 F under any 
conditions. 

•Pour point may be specified whenever required by conditions of storage and use. However, these 
specifications shall nOt require a pour point less than 16 F under any conditions. 
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gallon increases more rapidly than the decrease in heat units per pound, 
and oil is bought by the gallon. As a consequence, while a No. 1 oil may 
contain 139,000 Btu per gallon, oil No. 5 may test 146,000 Btu per gallon, 
or 6 per cent more. Usually there is a differential of 3^ to 4^ between the 
No. 1 and No. 5 oils, so that the economy of buying the heavier fuels is 
apparent; there remains the economic utilization of the heat content of 
the heavier oils. 

The cost of oil fuel is dependent also upon the amount that can be 
delivered at one time, and the method of delivery. Common practice has 
split the tank of the truck delivering oils for domestic use into compart- 
ments of 150 to 500-gal capacity, and these miit dumps are made the basis 
of price. Where a truck can be connected to a storage-tank fill and 
quickly discharge its oil by pump, the price obviously can be less than 
where a smaller quantity must be drawn off in 5-gal cans and poured. 
For similar reasons an installation that can be supplied from a tank car 
on a siding provides for a lower unit fuel cost than one where the oil 
must be trucked, ev en in the large trucks holding 2,000 gal or more that 
are used for distributing the heavier oils. 

GAS 

Gas is broadly classified as being either natural or manufactured. 
Natural gas is a mechanical mixture of several combustible and inert 
gases rather than a chemical compound. Manufactured gas as dis- 
tributed is usually a combination of certain proportions of gases produced 
by two or more processes, and is often designated as city gas. 

When gas is burned a large amount of water vapor is produced as one 
of the products of combustion. This ordinarily escapes up the chimney, 
carrying away with it a certain amount of heat. However, when the heat 
value of gas is determined in an ordinary calorimeter, this water vapor 
is condensed and the latent heat of vaporization that is given up during 
the condensation is reported as a portion of the heat value of the gas. 
The heat value so determined is termed the gross or higher heat value and 
this is what is ordinarily meant when the heat value of gas is specified. 
The heat that is reclaimed by the condensation of the water vapor 
amounts to about 10 per cent of the total heat value. It is impractical 
to utilize the entire higher heat value of the gas in any house-heating 
appliance, because to do so it would be necessary to cool the products of 
combustion down below their dew point, which is ordinarily in the 
neighborhood of 130 F. 

Natural gas is the richest of the gases and contains from 80 to 95 
per cent methane, with small percentages of the other combustible 
hydrocarbons. In addition, it contains from 0.5 to 5.0 per cent of CO 2 , 
and from 1 to 12 or 14 per cent of nitrogen. The heat value varies from 
700 to 1,500 Btu per cubic foot, the majority of natural gases averaging 
about 1,000 Btu per cubic foot. Table 4 shows typical values for the 
three main oil fields, although values from any one field vary materially. 

Table 4 also gives the calorific values of the more common types of 
manufactured gas. Most states have legislation which controls the distri- 
bution of gas and fixes a minimum limit to its heat content. The gross 
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or higher calorific value usually ranges between 520 and 545 Btu per cubic 
foot, with an average of 535. A given heat value may be maintained and 
yet leave considerable latitude in the composition of the gas so that as 
distributed the composition is not necessarily the same in different dis- 
tricts, nor at successive times in the same district. There are limits to the 
variation allowable, because the specific gravity of the gas depends on its 


Table 4. Representative Properties of Gaseous Fuels, 
Based on Gas at 60 F and 30 in. Hg. 



Btu per Cu Ft 


Air Required 
FOR Combus- 
tion, 

(Cu Ft) 

Products of Combustion 

Theoretical 
Flame Tem- 
perature, 
(deg Fahr) 


High 

Low 

Specific 
Gravity, 
Air = 
1.00 

Cubic Feet 

Ulti- 

mate 

COi 

Dry 

Basis 


(Gross) 

(Net) 

CO 2 

H 2 O 

Total 

with 

Ni 

Natural gas — 
Mid-Conti- 
nental 

967 

873 

0.57 

9.17 

0.97 

1.92 

10.2 

11.7 

3580 

Natural gas — 
Ohio 

1130 

1025 

0.65 

10.70 

1.17 

2.16 

11.8 

12.1 

3600 

Natural gas — 
Pennsylvania 

1232 

1120 

0.71 

11.70 

1.30 

2.29 

12.9 

12.3 

3620 

Retort coal gas 

575 

510 

0.42 

5.00 

0.50 

1.21 

5.7 

11.2 

3665 

Coke oven gas 

588 

521 

0.42 

5.19 ' 

0.51 

1.25 

5.9 

11.0 

3660 

Carburet ted 
water gas 

536 

496 

0.65 

4.37 

0.74 

0.75 

5.0 

17.2 

3815 

Blue water gas 

308 

281 

0.53 

2.26 

0.46 

0.51 

2.8 

22.3 

3800 

Anthracite pro- 
ducer gas 

134 

124 

0.85 

1.05 

0.33 

0.19 

1.9 

19.0 

3000 

Bituminous 
producer gas 

150 

140 

0.86 1 

1 

1.24 

0.35 

0.19 

2.0 

19.0 

3160 

Oil gas 

575 

510 

0.35 

4.91 

0.47 

1.21 

5.6 

10.7 

3725 


composition, and too great a change in the specific gravity necessitates a 
change in the adjustment of the burners of small appliances. 

Table 4 shows that a large proportion of the products of combustion 
when gas is burned may consist of water vapor, and that the greater the 
proportion of water vapor, the lower the maximum attainable CO 2 by gas 
analysis. The table also shows that a low calorific value does not neces- 
sarily mean a low flame temperature since, for example, natural gas has a 
theoretical flame temperature of 3600 F and blue water gas of 3800 F, 
although it has a calorific value less than one third that of natural gas. 

The quantity of air given in Table 4 is that required for theoretical 
combustion, but with a properly designed and installed burner the excess 
air, can be kept low. The division of the air into primary and secondary 
is a matter of burner design and the pressure of gas available, and also of 
the type of flame desired. 

m 



Chapter 27 — Fuels and Combustion 


PROBLEMS m PRACTICE 

1 • Name several important properties of coal from a utilization standpoint, 

a. Caking tendency, whether none, weak, or strong. 

b. Quantity of volatile matter. 

c. Friability. 

d. Fusibility of the ash. 

2 • What are the main data commonly available that fix the qualities of coal, 
and do these tell the whole story? 

a. Calorific value, Btu per pound. 

b. Proximate analysis giving percentages of moisture, volatile matter, fixed carbon, ash, 
and sulphur. 

c. Temperature at which the ash softens. 

d. Screen sizes. 

Other important qualities not usually given are the friability of the coal, its caking 
tendency, and the qualities of the volatile matter. The percentage of ash and its fusion 
temperature do not tell how the ash is distributed or how much of it is less fusible lumps 
of slate or shale. 

3 # Are there available complete and sufficient data on gas and oils to fix their 
burning properties and furnace requirements? 

Yes. Because gas and oils are of simple and uniform composition, data are available to 
fix their burning properties and furnace requirements, but the ability to control their 
combustion is somewhat less determinable. 

4 • What effect does moisture in fuels have on their efficiency? 

With any solid fuel, latent and sensible heat are lost at the stack when moisture is dried 
out of the fuel in burning, and when its hydrogen is burned. Therefore, such fuels as 
sub-bituminous coal and lignite, which are high in moisture content, have a low efficiency. 
However, these efficiencies may be improved if the stack gases are cooled to room tem- 
perature, by heating the feed water, for example. 

5 • What are the advantages of a sized fuel for heating furnaces? 

Because a sized fuel encourages a more uniform flow of air through the bed, the burning 
will be more uniform, and the bed will be less liable to develop holes and will require less 
attention. Uniformity of fuel size is more desirable as the area of the bed becomes 
smaller; it is less important with fuels that cake, but with sized fuels the caking will be 
more uniform and the air flow through the bed will be steadier. In addition, ash and 
pieces of slate are less likely to be segregated and to form lumps of clinker. 

6 • Does the size of a fuel affect the quantity of air required to burn it at a 
given rate? 

The total air required to give the same gas analysis at the stack is independent of the 
size of the fuel burned, but for non-caldng fuels the ratio of the air passing through the 
fuel bed to the total air entering the burner base decreases, for the same thickness of bed, 
as the size of the fuel becomes smaller; this decrease is very rapid for sizes less than one 
inch. For coals that cake, this ratio will depend on the way the caked bed is broken up 
and on the size of the resulting pieces. 

7 • Is the volatile matter which is given off when coals are burned of the same 
nature in all coals? 

No. The products given off by coals when they are heated differ materially in the ratios 
by weight of the gases to the oils and tars. No heavy oils or tars are given off by anthra- 
cite, and very small quantities are given off by semi-anthracite. As the volatile matter 
in the coal increases to as much as 40 per cent of ash-free and moisture-free coal, in- 
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creasing amounts of oils and tars are given up. For coals of higher volatile content, the 
relative quantity of oils and tars decreases, so it is low in the sub-bituminous coals and 
in lignite. 

8 # Is smoke a primary product in the burning of fuels? 

Visible smoke may include very small particles of carbon, oil, tar, water (condensed 
steam), and ash. Of these, the oils, tars, and ash are mainly primary products, and the 
water is partly primary. The carbon, which usually comprises the greater part of the 
smoke, results from the breaking up by heat of oils, tars, and such gases as methane, so 
it may be considered a secondary product. 

9 • Is the sulphur in coals detrimental to combustion? 

Not so far as is known, but its complete combustion gives only 25 per cent as much heat 
as is given by the same weight of carbon. Sulphur is undesirable because it causes cor- 
rosion of flues and stacks, and also because its gases pollute the atmosphere, and damage 
buildings and vegetation. 

10 • Can any one fuel be said to be the best^fuel? 

The tbrm best can be applied to a fuel only after consideration of the cost factor of the 
fuel and the equipment necessary for its use. Gas seems to be the most convenient fuel 
because of its uniformity, and the ease with which it may be controlled and its burning 
made fully automatic. 
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AUTOMATIC FUEL BURNING 
EQUIPMENT 

Stokers, Residential Stokers, Apartment House Stokers, Com- 
mercial Stokers, Domestic Oil Burners, Commercial Oil Burners, 
Gas-Fired Appliances, Gas Boilers, Warm Air Furnaces, Space 
Heaters, Conversion Burners, Gas Appliances 


A utomatic, mechanical equipment for the efficient combustion 
of coal, oil, and gas is considered in this chapter. 

MECHANICAL STOKERS 

Assuming the same intelligence in handling the fire, coal can be burned 
more efficiently on a mechanical stoker than on any kind of hand-fired 
grate. This does not necessarily mean that a stoker installation may be 
more economical, because the amount of coal burned may be so small or the 
cost of the installation so high that the savings with stokers may .not be 
sufficient to pay for the investment. The operation of burning coal in- 
volves uniformity in stoking, proper distribution over the fuel bed, 
admission of air as required to all parts of the fuel bed, and disposal of the 
ash. The handling of the volatile gas is largely a matter of furnace design 
but since this gas forms a considerable portion of the heating value of the 
coal, it may also be said that the proper handling of this gas is a function 
of firing. All mechanical stokers must provide means of taking care of 
these several functions in order fully to serve their purpose. 

Stokers may be divided into four types according to their construction 
and operation, namely, (1) overfeed flat grate, (2) overfeed inclined grate, 
(3) underfeed side cleaning type, and (4) underfeed rear cleaning type. 
They may also be classified according to their uses. The following 
classification has been adopted by the U. S. Department of Commerce: 

Class 1. Residential (Capacity less than 100 lb coal per hour). 

Class 2. Apartment houses and small commercial heating jobs (Capacity 100 to 200 lb 
Coal per hour). 

Class 3. General commerical heating and small high pressure steam plants (Capacity 
200 to 300 lb coal per hour). 

Class 4. Large commercial and high pressure steam plants (Capacity over 300 lb 
per hour). 

Overfeed Flat Grate Stokers 

This type is represented by the various chain grate stokers. These 
stokers receive fuel at the front of the grate in a layer of uniform thickness 
and move it back horizontally to the rear of the furnace. Air is supplied 
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under the moving grate to carry on combustion at a sufficient rate to com- 
plete the burning of the coal near the rear of the furnace. The ash is 
carried over the back end of the stoker into an ashpit beneath. This type 
of stoker is suitable for small sizes of anthracite or coke breeze and also 
for bituminous coals, the clinker forming characteristics of which make it 
desirable to burn the fuel without disturbing it. This type of stoker 
invariably requires the use of an arch over the front of the stoker to 
maintain ignition of the incoming fuel and to maintain the volatile gas at 
a temperature suitable for combustion. Frequently, a rear combustion 
arch is required to maintain ignition until the fuel is fully consumed. 

Overfeed Inclined Crate Stokers 

In general the combustion principle is similar to the flat grate stoker, 
but this stoker is provided with rocking grates set on an incline to advance 
the fuel during combustion. Also this type is provided with an ash plate 
where ash is accumulated and from which it is dumped periodically. 
This type of stoker is suitable for all types of coking fuels but preferably 
for those of low volatile content. Its grate action has the tendency to 
keep the fuel bed well broken up thereby allowing for free passage of air. 
Because of its agitating effect on the fuel it is not so desirable for badly 
clinkering coals. Furthermore, it should usually be provided with a 
front arch to care for the volatile gas. 

Underfeed Side Cleaning Stokers 

In this type, the fuel is fed in at the front of the furnace to one or more 
retorts, is advanced away from the retort as combustion progresses, while 
finally the ash is disposed of at the sides. This type of stoker is suitable 
for all coking coals while in the smaller sizes it is suitable for small sizes of 
anthracites. In this type of stoker the fuel is delivered to a retort beneath 
the fire and is raised into the fire. During this process the volatile gas is 
released, is mixed with air, and passes through the fire where it is burned. 
The ash may be continuously discharged as in the small stoker or may be 
accumulated on a dump plate and periodically discharged. This stoker 
requires no arch as it automatically provides for the combustion of the 
volatile gas. 

Underfeed Rear Cleaning Stokers 

This type carries on combustion in much the same manner as the side 
cleaning type, but consists of several retorts placed side by side and 
filling up the furnace width, while the ash disposal is at the rear. In 
principle, its operation is the same as the side cleaning underfeed. 

Class 1 Stokers, Residential 

A common type of stoker in this class consists of a round retort having 
tuyeres at the top where all of the air for combustion is admitted. Coal 
is fed from a storage hopper outside of the boiler by means of a worm into 
the bottom of this retort and beneath the fire. The equipment includes a 
blower which is, driven by the same motor that drives the stoker. 

Some domestic stokers are provided with automatic grate shaking 
mechanism together with screw conveyers for removing the ash frona the 
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ashpit and depositing it in an ash receptacle outside the boiler. Certain 
types can also be provided with a coal conveyer which takes coal from the 
storage bin and maintains a full hopper at the stoker. They may feed 
coal to the furnace either intermittently or with a continuous flow regu- 
lated automatically to suit conditions. Where the boiler is provided with 
indirect coils for heating the domestic hot water, the stoker may be so 
arranged that it can be used the entire year to maintain a continuous hot 
water supply. 

Class 2 Stokers, Apartment House 

This class is used extensively for heating plants in apartments and 
hotels, and also for small industrial plants such as laundries, bakeries, and 
creameries. The various stokers in this class differ materially in their 
design, although the majority are of the underfeed type. The principal 
exception is an overfeed type having step action grates in a horizontal 
plane and so arranged that they are alternately moving and stationary, 
and are designed to advance the fuel during combustion to an ash plate 
at the rear. 

All of the stokers are provided with a coal hopper outside of the boiler. 
In the underfeed types, the coal feed from this hopper to the furnace may 
be accomplished by a continuously revolving worm or by an intermittent 
plunger. The drive for the coal feed may be an electric motor, or a steam 
or hydraulic cylinder. With an electric motor, the connection between 
the driver and the coal feed may be through a variable speed gear train 
which provides two or more speeds for the coal feed ; or it may be through 
a simple gear train and a variable speed driver for the change in speed of 
the coal feed ; or a simple gear train with a coal feed having an adjustment 
for varying the travel of the feeding device. With a steam or hydraulic 
cylinder, the power piston is connected directly to the coal feeding 
plunger. 

. The stokers in this class vary also in their retort design. It is customary 
in the worm-feed type to use a short retort in order that the unsupported 
length of worm within the retort may not be too weak for continuous 
service. In this type the retort is placed approximately in the middle of 
the furnace and is provided with tuyere openings at the top on all sides. 
In the plunger-feed type the retort extends from the inside of the front 
wall entirely to the rear wall or to within a short distance of the rear wall. 
This type of retort has tuyeres on the sides and at the rear. 

This class of stokers also differs in the grate surface surrounding the 
retort. In many of the worm-feed stokers this grate is entirely a dead 
plate on which the fuel rests while combustion is completed. In the dead- 
plate type, all of the air for combustion is furnished by the tuyeres at the 
retort. Because of this, combustion is well advanced over the retort so 
that it may easily be completed by the air which percolates through the 
fuel bed. With the dead-plate type of grate the ash is removed through 
the fire doors and it is therefore desirable that the fuel used shall be one 
in which the ash is readily reduced to a clinker at the furnace temperature, 
in order that it may be removed with the least disturbance of the fuel bed. 

; In other stokers in this class, the grates outside of the retort are air- 
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admitting and shaking grates. These grates permit a large part of the ash 
to be shaken into the ash pit beneath, while the clinkers are removed 
through the fire doors. With this type of grate, the main air chamber 
extends only under the retort while the side grates receive air by natural 
draft from the ash pit. 

In still other stokers of this class, the main air chamber extends beyond 
the retort and is covered with fuel-bearing, air-supplying grates. With 
this type of grate, the fuel is supplied with air from the main air chamber 
throughout combustion. Also with this type of grate, dump plates are 
provided beyond the grates where the ash accumulates and from which it 
can be dropped periodically into the ash pit beneath. 

Stokers in this class are compactly built in order that they may fit into 
standard heating boilers and still leave room for sufficient combustion 
space above the grates. The height of the grate is approximately the same 
as that of the ordinary grates of boilers, so that it is usually possible to 
install such stokers with but minor changes in the existing equipment. 
In some districts, there are statutory regulations governing such settings. 

These stokers vary in furnace dimensions from 30 in. square to approxi- 
mately 66 in. square. The capacity of the stokers is measured by the 
amount of coal that can be burned per hour. In general, manufacturers 
recommend that, for continuous operation, the coal burning rate shall not 
exceed 25 lb of coal per square foot of grate per hour, while for short 
peaks this rate may be increased to 30 lb per hour. Although these 
stokers were designed to burn bituminous coal, they can also be used to 
burn the small sizes of anthracite but at a somewhat lower rate. It is 
often customary to have the janitor or some other attendant care for the 
boiler as one of his duties. Under these conditions the heating plant does 
not receive the same careful attention as it would if a man devoted his 
entire attention to the fire. With periodic hand-firing, the boiler is 
operated inefficiently much of the time. With a stoker, the boiler is 
operated at the rate that the conditions require so long as there is coal in 
the hopper. With hand firing, it is customary to use the more expensive 
sizes of fuel, while with a stoker the smaller sizes are used at a considerable 
saving in the cost per ton. Because the stoker responds promptly to auto- 
matic regulation, it is possible to maintain a reasonably constant standard. 
Also because the stoker feeds the fuel regularly and in small quantities 
without losses due to opening doors, it must of necessity be more efficient 
than hand firing. This increase in efficiency depends entirely on c6n- 
ditions, with a minimum of about 10 per cent and a maximum of about 
25 per cent. 

Class 3 Stokers, General Commercial 

These stokers are suitable for the heating plants of large schools, hotels, 
hospitals, or other large institutions as well as industrial plants. This 
class is served both by overfeed stokers and by underfeed stokers. The 
overfeed stokers are in general of three types, (1) the chain grate, (2) 
the rear cleaning inclined grate, and (3) the center cleaning inclined grate 
or V-type. 

Stokers of this type are usually operated by natural draft, although in 
some cases conditions permit the operation of forced draft under the 
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grates. With most fuels, it is not advisable to operate overfeed grates at 
too high a combustion rate because of the greater difficulty of cleaning and 
the higher maintenance, but where the fuel is free burning and has a high 
ash* fusion temperature, the combustion rate is not so restricted. The 
operation of the chain grates and the rear cleaning type of inclined grates 
has already been described. 

The V-type stoker is practically obsolete although many are still in 
operation. In this stoker, the grates are inclined downward from both 
sides of the furnace to a low point at the middle where there is either a 
dump plate for periodic disposal of the ash or a rotary ash grate for con- 
tinuous discharge of ash. In this stoker, the fuel is fed into a hopper at the 
top of the grate on each side of the furnace and advanced down the grates 
to the center where the refuse is accumulated. This stoker is always 
provided with a combustion arch over the entire furnace for the purpose 
of assuring thorough combustion of the solid fuel and providing a furnace 
temperature sufficiently high to burn the volatile gases. Because of this 
high furnace temperature and because so little of the boiler surface is 
exposed to the fire to assist in carrying off the heat by radiation, this 
stoker is characterized by severe clinkering in the ash area. With all 
types of overfeed stokers, the most desirable installations are in boilers 
which are operated with comparatively uniform loads and moderate rates 
of combustion, since, even with good combustion arches, fluctuating loads 
or high combustion rates result in free volatile gas and this in turn means 
smoke. 

The underfeed stokers in this class were the first of the type to be 
developed as at the time of their development very few large boilers were 
in use. The stokers are not so varied in design as those in the smaller 
class although in principle they are much the same. Practically all of 
them are of the plunger coal feed type with retorts extending the entire 
length of the furnace, with air supplying grates adjacent to the retorts, 
and with manually-operated dump plates at the sides of the furnace. 
The coal feeding plunger is operated by a steam or electric driver through 
a reduction gearing, or by a steam or hydraulic piston connected directly 
to the coal feeding plunger. 

These stokers are heavily built and designed to operate continuously at 
high boiler ratings with a minimum amount of attention. Because of the 
fact that all volatile gas must pass through the fire before reaching the 
combustion chamber, these stokers will operate smokelessly under 
ordinary conditions. Also because of the fact that these stokers are 
always provided with forced draft, they are the most desirable type for 
fluctuating loads or high boiler ratings. 

In the design of the grates for supporting the fuel between the retort 
and the ash plates, the stokers differ in providing for movement of the 
fuel during. combustion. Some stokers are designed with fixed grates of 
sufficient angle to provide for this movement as the bed is agitated by the 
incoming fuel, while others have alternate moving and stationary bars in 
this area and provide for this movement mechanically. In either type, 
with proper operation, all refuse will be deposited at the dump plate. 
Another difference in these stokers is that some makes use a single air 
chamber under the whole grate area thus having the same air pressure 
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under the ignition area as under the rest of the grate, while others have a 
divided air chamber using the full air pressure under the ignition area and 
a reduced air pressure under the remainder of the grate. These stokers 
vary in size from approximately 5 ft square to a maximum of 8J4 ft square. 

Class 4 Stokers, Large Commercial 

These stokers are usually of the underfeed type with multiple retorts 
and either side cleaning or rear cleaning. In the side cleaning type there 
may be as many as three retorts in the furnace, and the stoker functions 
in the same manner as has been described for the single retort. These 
stokers are usually limited in length to approximately ft while the 
width may be as great as 10}^ ft. In the rear cleaning stokers the number 
of retorts and the dimensions of the furnace are practically unlimited. 

DOMESTIC OIL BURNERS 

The number of combinations of the characteristic elements of domestic 
oil burners is rather large and accounts for the variety of burners found in 
actual practice. Domestic oil burners may be classified as follows: 

1. AIR SUPPLY FOR COMBUSTION 

a. Atmospheric — by natural chimney draft. 

h. Mechanical — electric-motor-driven fan or blower. 

c. Combination of (a) and (b) — primary air supply by fan or blower and secondary 

air supply by natural chimney draft. 

2. METHOD OF OIL PREPARATION 

a. Vaporizing — oil distills on hot surface or in hot cracking chamber. 

h. Atomizing — oil broken up into minute globules. 

(1) Centrifugal — by means of rotating cup or disc. 

(2) Pressure — by means of forcing oil under pressure through a small 

nozzle or orifice. 

(3) Air or steam — by high velocity air or steam jet in a special type of 

nozzle. 

(4) Combination air and pressure — by air entrained with oil under pressure 

and forced through a nozzle. 

c. Combination of (a) and {b). 

3. TYPE OF FLAME 

a. Luminous — a relatively bright flame. An orange-colored flame is usually best 

if no smoke is present. 

b. Non4uminotis — Bunsen-type flame (i.e., blue flame). 

4. METHODS OF IGNITION 

a. Electric. 

(1) Spark — by transformer producing high-voltage sparks. Usually 

shielded to avoid radio interference. May take place continuously 

while the burner is operating or just at the beginning of operation. 

(2) Resistance — by means of hot wires or plates. 

h. Gas. 

(1) Continuous — pilot light of constant size. 

(2) Expanding — size of pilot light expanded temporarily at the beginning 

of burner operation. 
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c. Combination — electric sparks light the gas and the gas flame ignites the oil. 

d. Manual — by manually-operated gas torch for continuously operating burners. 

5. MANNER OF OPERATION 

a. On and off — burner operates only a portion of the time (intermittent). 

h. High and low — burner operates continuously but varies from a high to a low 
flame. 

c. Graduated — burner operates continuously but flame is graduated according to 
needs by regulating both air and oil supply. 

Air and Oil Supply 

The object of regulating the air and oil supplies is to obtain a complete 
mixture of the proper quantities of oil and air so the fire will be clean and 
efficient. Proper and dependable ignition also depends upon the ability 
of the burner to produce consistent fuel-air mixtures. The type and shape 
of flame depend largely upon the methods of air and oil supply employed. 

It should be pointed out that this mixture burns in a space called the 
furnace, which is lined with refractory bricks or other heat-resistant 
substances for the purpose of maintaining that space at a high tempera- 
ture so that the oil and air may completely unite and burn. Excessive 
cooling before combustion is completed stops the combustion process and 
causes soot. The furnace is in some instances a valuable auxiliary in 
assisting in the actual mixture of oil and air and in modifying the flame 
shape, besides its primary function of maintaining high temperatures. 
The size and shape of furnace required are important, especially where the 
dimensions of the space into which the burner is to be placed are already 
fixed. 

AtQiTiization 

The purpose of atomization is greatly to increase the surface area of a 
given quantity of oil in order to accelerate the change from the liquid 
state (in which oil cannot burn) to the gaseous or vaporous state, in which 
state it is one of the elementary fuels, gaseous hydrocarbon. This con- 
version is largely accomplished through the action of radiant heat energy 
upon the flying globules of oil, and the tremendously increased surface 
provided aids gasification. 

Air for Combustion 

Air for combustion usually is supplied by a motor-driven fan, several 
types being in common use. Electric motors varying from Ko hp to K hp 
ate used and are started and stopped by the control mechanism. In most 
cases, they are direct-coupled to the fan as well as to a gear or lobe pump 
for drawing the oil from the storage tank, and in some cases, to a pump 
for forcing the oil through the nozzle. 

All of the air required for combustion can be supplied by the blower, or 
else only the primary air can be supplied under pressure and provision 
macie so that the remainder will be drawn into the combustion chamber 
by the natural draft developed by the chimney or by an injector-like 
action of the priniary air. In any event there should be definite control 
of the' qtiantity of air as well as of the rate of oil supply. Some method of 
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draft regulation is advisable in order to secure proper air regulation. It is 
necessary to supply more air than is actually required for complete com- 
bustion of the oil, but the amount of excess air should be reduced to the 
lowest workable minimum. Laboratory tests frequently show 25 per cent 
to 50 per cent more air than is required for combustion, yet field tests 
indicate that the average burner operates with from 50 per cent to 125 
per cent excess air, with a corresponding reduction in the efficiency of the 
burner. Many domestic burners are extremes of simplicity, the only mov- 
ing parts being the motor armature with a shaft and direct-connected 
fan and pump set. 

Type of Flame, Ignition 

If the vaporizing of the atomized oil and the combustion are concurrent 
events, a luminous flame will usually result. If vaporization and mixing 
are accomplished before combustion, a non-luminous flame will result. 
Some burners may produce either type of flame according to the adjust- 
ment made. 

A limited comparison of these two types of flame shows no inherent 
superiority of one over the other so far as thermal efficiencies are concerned. 
This is definitely true when the burners are placed in boilers having ample 
indirect surface, and is probably true in general. The moot question of 
radiation has not been conclusively settled. There are indications that 
the radiation of luminous and non-luminous flames in boiler furnaces are 
practically the same. More information is needed upon this subject. 

It is true, however, that a non-luminous flame may show low excess air 
and the presence of carbon monoxide, but no smoke. Low excess air 
with a luminous flame will usually show little or no carbon monoxide, but 
will be unmistakably smoky. Visual indications, especially with a blue 
flame, may therefore be quite unreliable. 

When a burner is operating intermittently under the control of a 
thermostat, some positive form of ignition is required to function every 
time there is a call for heat. 

The necessity for certain ignition under adverse conditions, when the 
line voltage is low or the oil is cold is paramount, and this phase of burner 
design and operation has been given the closest attention, as faulty igni- 
tion is more to be feared than improper operation once the flame is 
established. 

The effect of the air and oil setting is important, since it may be neces- 
sary in some instances to adjust for greater excess air than is otherwise 
required in order to get a mixture suitable for certainty of ignition. 

Recent research^ at Yale University, conducted in cooperation with the 
A.S.H.V.E. Research Laboratory and the American Oil Burner Associa- 
tion, reveals that the various methods of operation {i.e., on and off, high 
and low, and graduated) all have potential advantages and disadvantages 
and that a choice in any case requires a consideration of the heat-absorbing 
characteristics of the boiler in which the burner is to operate. From the 
standpoint of efficiency of operation it seems that there is little choice if 


ilntemittent Operation of Oil Burners, by L. E. Seeley and J. H. Powers (A-S.H.V.E. Transactions. 
Vol. 38, 1932). 
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at the maximum setting of all burners the boiler efficiency were at its 
maximum value. If, on the other hand, the boiler were operating beyond 
its point of maximum efficiency, then it appears that the graduated type 
might show better results. The following additional factors should be 
considered : 

1. The intermittent type should be set at its point of most efficient combustion. 

2. An intermittent burner should be set for a higher total heat output than either of 
the other two types in order to get the acceleration necessary when heat is required. 
This may in some cases give less economical performance due to the increased boiler load. 

3. An interruption in electric current might in some instances be troublesome with 
continuously operating burners where manual ignition is employed. 

4. The continuously operating burners must have a minimum fuel setting low enough 
to prevent overheating in mild weather or during the summer if the boiler is used for 
domestic hot water. 

5. Electrical operating costs must be considered, but must be based upon known 

E ower requirements. The power requirements of some burners will be several times as 
igh as others, so any generalization on operating costs is futile. 

6. Evenness of heat supply will have some influence on uniformity of temperature. 

7. Number and cost of controls which reflect in the manufacturing costs. 

This entire subject, therefore, is likely to be somewhat perplexing 
because of the necessity of knowing, and the difficulty in determining, 
the efficiency characteristics of many heating boilers. Selections of oil 
burners on the basis of their manner of operation will probably be largely 
a matter of preference. The advent of special boilers for oil burning will 
provide the engineer with the opportunity for greater discrimination. 

Temperature Control, Protective Devices 

Domestic oil burners are controlled directly from the change in tem- 
perature of a designated control room (usually the living room, dining 
room or hall), and by temperature or pressure variations in the boiler. 
Oil-burner installations put in only a few years ago were simplified to 
the extent of having a single control element — the room thermostat — 
that started and stopped the burner. The modern installation provides, 
in addition, electrical devices inter- wired with the control system to in- 
sure against poor operation and to guard against troubles brought on 
by the characteristics of the heating plant. 

One control system provides an instrument actuated by two tempera- 
ture bulbs, one placed in the outdoor air and the other in a designated 
part of the heating system. The control is actuated by both bulbs and is 
designed to maintain the heating medium at a temperature to suit the 
variations in outdoor temperature, the lower the outdoor temperature the 
higher the temperature of the heating medium. Other devices have been 
developed to maintain a certain minimum temperature that will effectively 
prevent the downward window currents of cold air from reaching and 
traveling across the floor, regardless of the room thermostat. 

Owing to the comparative intensity of heat production with a burner, 
a boiler with limited water storage above the crown sheet might pass 
steam to the radiator system so rapidly, at starting, that the sheet would 
be uncovered, with probable damage to the boiler structure. A low-water 
safety can be so wired into the system that the burner will be stopped 
before the water level is reduced to the danger point, or a boiler feed can 
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be installed to add water to the boiler to maintain a safe level, instead 
of stopping the burner. Either or both should form part of a first-class 
installation. 

Again, with either steam or water systems, the burner control can be 
inter-wired with a thermostatic device having its temperature element 
introduced into the boiler near the top, its function being to limit the 
maximum temperature of water or pressure of steam so the burner will 
be shut off before dangerous temperatures or pressures are reached. Win- 
dows of the room in which the thermostat is located are sometimes opened 
to a^ir out the house in the morning, and if they are not closed promptly, 
the burner will operate continuously and possibly develop temperature 
and pressure conditions that might be detrimental to the boiler. This is 
where the safety device can be used to offset the carelessness of the 
human being. 

Safety controls have been developed for intermittent burners to guard 
against failure of ignition and in some instances against momentary flame 
failures. In general, regulatory devices are well developed and depend- 
able. Otherwise the domestic oil burner probably would not have been 
possible. 

For further information on temperature control with oil burners, see 
Chapter 14. 

Boilers for Domestic Oil Burners^ 

Boilers used with domestic installations may be those designed for solid 
fuel or those designed for liquid fuel. The latter are coming to the fore 
with great rapidity as they usually have greatly increased secondary sur- 
face. Many are of copper or steel tube design. Increased efficiencies of 
5 to 15 per cent are often obtainable with boilers designed especially for 
liquid fuel. 

It is possible to go to extremes in providing secondary surfaces sufficient 
to reduce flue temperatures to the order of 250 F to 300 F, with the result 
that the added resistance through the flues may necessitate the use of a 
booster fan to insure sufficient draft. It is difficult to obtain satisfactory 
efficiencies with boilers having little or no secondary surfaces, where the 
hot products of combustion pass almost immediately from the combustion 
chamber to the flue; in fact a high efficiency is unlikely with any fuel 
under such conditions, and the intermittent burner is especially at a 
disadvantage because of its characteristic development of heat at a high 
rate while it is operating. 

It is essential that the flame produced by an oil burner, especially where 
it is strongly luminous, be kept from contact with the water-backed sur- 
faces of the combustion chamber, and to this end bricking or its equivalent 
must be provided in most cases. Where a burner fires through the ash pit, 
doorframe bricking must protect the unbacked surfaces of the ash pit. 
The same fire bricking constitutes the actual combustion chamber for the 
burner flame, and materially increases the combustion volume for a given 
boiler. 


»For additional information on this subject, refer to Study of Performance Characteristics of Oil Burners 
and Low-Pressure Heating Boilers, by L. E. Seeley and E. J. Tavanlar (A.S.H.V.E. Transactions, Vol. 37, 
1931). 
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Installation 

The intelligence and care with which a burner is installed largely deter- 
mine the satisfaction that will result from its operation. Two plans for the 
installation of burners are in general use. In the first, the dealer makes 
all installations. In the other, sales agencies function only to make sales, 
and the installation for as many as twenty such sales offices is done by a 
centrally located installation force, usually factory controlled. 

Some burners are adjusted for oil rate by means of a blind needle valve 
that can be operated only with a special wrench ; others, by changing the 
size of the orifice; others, by a combination of orifice size and pressure. 
In any event, changes in the firing rate, involving careful air and draft 
adjustment to match the oil rate, should be made by only a trained man, 
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preferably with the aid of an Orsat test set so that the degree of combus- 
tion efficiency can be determined. It is practically impossible to set a 
burner flame by eye, although that has been general practice in the past. 
The industry is turning to the Orsat and, as a result, more domestic 
burners are operating at from 9 to 12 per cent CO 2 , representing a higher 
efficiency combustion than at 5 to 8 per cent, as frequently is the case 
where the burner is adjusted by eye. 

Air for Combustion 

It is essential that the basement, or at least that portion used as a 
boiler room, be open to the outside air, in order that sufficient air be 
available for combustion. Frequently a case of poor operation will be 
found where a test with a draft gage made by inserting the tube through 
the keyhole of the outer door will show that there is a partial vacuum in 
the basement when the burner is running, all of the combustion air coming 
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through the keyhole and minute cracks. A simple remedy is to cut an 
inch from the bottom of the outer door. 

In order to achieve satisfactory heating at the lowest cost, careful con- 
sideration should be given to oil, air and draft adjustment. The oil 
adjustment should be determined from the total heat requirements to be 
met. The heat loss of the building plus an allowance for piping plus 
20 to 25 per cent for pick-up establishes the maximum output required 
from the boiler. Fig. 1 indicates the oil required in gallons. ^ Piping 
allowances will usually vary between 25 and 10 per cent, decreasing with 
an increase in the size of the building. 

With the oil rate thus fixed, the air and draft should be set to give 
efficient combustion (that is, 10 to 12 per cent C02)- The furnace draft 
should be set reasonably low and should be maintained constant by 
means of an automatic draft regulator. Without this the air supply will 
fluctuate, causing uneven performance. A check should be made to 
insure that ignition will be satisfactory under all conditions. An oil burner 
of the continuous type might dispense with all or part of the pick-up 
allowance due to the nature of its operation. Careful adjustment will 
provide ample heat output under all conditions, will minimize the load on 
the boiler, and will establish the most favorable conditions for intermit- 
tent operation. 

An essential element in the satisfactory operation of domestic oil burners 
is the provision for maintenance and service for the burners. What might 
be called emergency service for mechanical or electrical failure of the burner 
has rapidly diminished during the last few years until a level has been 
reached where groups of 100 to 1000 burners in a community consistently 
will require an average of not more than one call per burner per heating 
season. Maintenance service is coming into general practice where, for a 
fixed annual payment, regular inspection is made of the burner, and faulty 
operation corrected before the burner becomes inoperative. This service 
may contemplate entire overhauling of the burner during the summer, 
and may include annual cleaning of the boiler flues with a specially de- 
signed vacuum cleaner. 

Domestic Hot Water Supply 

Provision may be made for heating domestic water through exchange 
heaters attached to the boiler, in which water is maintained at a fixed 
temperature or steam at a set pressure during the entire year. The flow 
of water or steam to the radiators is controlled by electrically-operated 
valves, which remain closed during warm weather and open (through the 
functioning of the room thermostat) when heat is required in the house. 
The room thermostat either causes heat to be produced by starting the 
burner when the room temperature drops to a predetermined point, or 
closes the circuit of the motor by operating a valve in the flow line of the 
heating system, the motor opening the water or steam valve and per- 
mitting water or steam immediately to flow to the radiators. When the 
flow in a water heating system is sluggish, the room thermostat also can 
start the motor of a circulation pump, thereby decreasing the time re- 
quired to bring the room temperature up to the desired point. 

It is usual in small steam heating systems to dispense with the motor- 
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operated valve and by means of an aquastat maintain the boiler water at 
a constant temperature but well below the steaming temperature (ix,, 
140 to 180 F). The lowest temperature setting that will produce suf- 
ficiently hot water will be the most economical. The aquastat will 
always function in such a way as to maintain this temperature except 
when the room thermostat calls for heat, which means that a call for 
steam can be more quickly obtained. 

Another type of control valve available for hot water systems is 
thermostatically operated so as to prevent a flow of water to the heating 
system until the call of the room thermostat for heat raises the water 
temperature above that normally required for domestic hot water. It 
should be noted that, except in the case of the graduated burner, the 
water temperature in the heating system will nearly always reach its 
maximum, thereby depriving this system to some degree of its natural 
advantage of modulation. 

COMMERCIAL OIL BURNERS 

Liquid fuels are used for heating apartment buildings, hotels, public 
and office buildings, schools, churches, hospitals, department stores, as 
well as industrial plants of all kinds. Contrary to domestic heating, con- 
venience seldom is a dominating factor, the actual net cost of heat pro- 
duction usually controlling the selection of fuel. Some of the largest office 
buildings have been using oil for many years. Many department stores 
have found that floor space in basements and sub-basements can be used 
to better advantage for merchandising wares, and credit the heat pro- 
ducing department with this saving. 

Wherever possible, the boiler plant should be so arranged that either 
oil or solid fuel can be used at will, permitting the management to take 
advantage of changes in fuel costs if any occur. Each case should be 
considered solely in the light of local conditions and prices. 

Burners for commercial heating may be either large models of types 
used in domestic heating, or special types developed to meet the condi- 
tions imposed by the boilers involved. Generally speaking, such burners 
are of the mechanical or pressure atomizing types, the former using 
rotating cups producing a horizontal torch-like flame. As much as 350 gal 
of oil per hour can be burned in these units, and frequently they are 
arranged in multiple on the boiler face, from two to five burners to each 
boiler. 

The larger installations are nearly always started with a hand torch, 
and are manually controlled, but the use of automatic control is increasing, 
and completely automatic burners are now available to burn the two 
heaviest grades of oil. Nearly all of the smaller installations, in schools, 
churches, apartment houses and the like, are fully automatic. 

Because of the viscosity of the heavier oils, it is customary to heat them 
before transferring by truck tank. It also has been common practice to 
preheat the oil between the storage tank and the burner, as an aid to 
movement of the oil as well as to atomization. This heating is accomplished 
by heat-transfer coils, using water or steam from the heating boiler, and 
heating the oil to within 30 deg of its flash point. 
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Unlike the domestic burner, units for large commercial applications 
frequently consist of atomizing nozzles or cups mounted on the boiler 
front with the necessary air regulators, the pumps for handling the oil 
and the blowers for air supply being mounted in sets adjacent to the 
boilers. In such cases, one pump set can serve several burner units, and 
common prudence dictates the installation of spare or reserve pump sets. 
Pre-heaters and other essential auxiliary equipment also should be in- 
stalled in duplicate. 

Boiler Settings 

As the volume of space available for combustion is the determining 
factor in oil consumption, it is general practice to remove grates and 
extend the combustion chamber downward to include or even exceed the 
ash-pit volume; in new installations the boiler should be raised to make 
added volume available. Approximately 1 cu ft of combustion volume 
should be provided for every developed boiler horsepower, and in this 
volume from 1.5 to 2 lb of oil can properly be burned. This cor- 
responds to a maximum liberation of about 38,000 Btu per cubic foot per 
hour. There are indications that at times much higher fuel rates may be 
satisfactory. This in turn suggests that the value of 38,000 Btu per cubic 
foot per hour might be adjusted according to good engineering judgment. 
For best results, care should be taken to keep the gas velocity below 40 ft 
per second. Where checkerwork of brick is used to provide secondary air, 
good practice calls for about 1 sq in. of opening for each pound of oil 
fired per hour. Such checkerwork is best adapted to flat flames, or to 
conical flames that can be spread over the floor of the combustion chamber. 
The proper bricking of a large or even medium sized boiler for oil firing is 
important and frequently it is advisable to consult an authority on this 
subject. The essential in combustion chamber design is to provide 
against flame impingement upon either metallic or fire-brick surfaces. 
Manufacturers of oil burners usually have available detailed plans for 
adapting their burners to various types of boilers, and such information 
should be utilized. 


GAS-FIRED APPLIANCES 

The increased use of gas for house heating purposes has resulted in the 
production of such a large number of different types of gas-heating 
systems and appliances that today there is probably a greater variety of 
them than there is for any other kind of fuel. 

Gas-fired heating systems may be classified as follows: 

I. Gas-Designed Heating Systems. 

A. Central Heating Plants. 

1. Steam, hot water, and vapor boilers. 

2. Warm air furnaces. 

B. Unit Heating Systems. 

1. Warm air floor furnaces. 

2. Industrial unit heaters. 

3. Space heaters. 

4. Garage heaters. 
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II. 'Conversion Heating Systems. 

A. Central Heating Plants. 

1. Steam, hot water and vapor boilers. 

2, Warm air basement furnaces. 

The majority of these systems are supplied with either automatic or 
manual control. Central heating plants, for example, whether gas 
designed or conversion systems, may be equipped with room temperature 
control, push button control, or manual control. 

Although no exact rules can be prescribed as to the field best covered by 
each of the foregoing systems, each installation will have problems point- 
ing more or less directly to some particular type of heating equipment. 

Gas-Fired Boilers 

Information on gas-fired boilers will be found in Chapter 25. 

Either snap action or throttling control is available for gas boiler opera- 
tion. This is especially advantageous in straight steam systems because 
steam pressures can be maintained at desired points, while at the same 
time complete cut-off of gas is possible when the thermostat calls for it. 

Warm Air Furnaces 

There are two general classes of gas-fired warm air furnaces, the 
gravity furnace which depends upon the natural tendency of heated air to 
rise, providing the proper circulation of heated air into the room, and the 
mechanical circulation furnace by which the air to be heated is forced 
through or drawn through the furnace by means of a fan. 

Warm air furnaces are variously constructed of cast iron, sheet metal 
and combinations of the two materials. If sheet metal is used, it must be 
of such a character that it will have the maximum resistance to the cor- 
rosive effect of the products of combustion. With some varieties of 
manufactured gases, this effect is quite pronounced. Warm air furnaces 
are obtainable in sizes from those sufficient to heat the largest residence 
down to sizes applicable to a single room. The practice of installing a 
number of separate furnaces to heat individual rooms is peculiar to mild 
climates, such as that of southern California. Small furnaces, frequently 
controlled by electrical valves actuated by push-buttons in the room 
above, are often installed to heat rooms where heat may be desired for an 
hour or so each day. These furnaces are used also for heating groups of 
rooms in larger residences. In a system of this type each fur/iace should 
supply a group of rooms in which the heating requirements for each room 
in the group are similar as far as the period of heating and temperature 
to be maintained are concerned. Bedrooms, living rooms, and dining 
rooms often present excellent possibilities for this type of furnace. 

The same fundamental principle of design that is followed in the con- 
struction of boilers, that is, breaking the hot gas up into fine streams so 
that all particles are brought as close as possible to the heating surface, 
is equally applicable to the design of warm air furnaces. The desirability 
of using an appliance designed for gas, when gas is to be the fuel, applies 
even more strongly to furnaces than to boilers. 

Codes for proportioning warm air heating plants, such as that formu- 
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lated by the National Warm Air Heating Association {see note 4S)1), 
are equally applicable to gas furnaces and coal furnaces. Recirculation 
should always be practiced with gas-fired warm air furnaces. It not only 
aids in heating, but is essential to economy. Where fans are used in 
connection with warm air furnaces for residence heating, it is well to 
have the control of the fan and of the gas so coordinated that there will 
be sufficient delay between the turning on of the gas and the starting of 
the fan to prevent blasts of cold air being blown into the heated rooms. 
An additional thermostat in the air duct easily may be arranged to 
accomplish this. 

Floor Furnaces 

Warm air floor furnaces are well adapted for heating first floors, or 
where heat is required in only one or two rooms. A number may be used 
to provide heat for the entire building where all rooms are on the ground 
floor, thus giving the heating system flexibility as any number of rooms 
may be heated without heating the others. With the usual type the 
register is installed in the floor, the heating element and gas piping being 
suspended below. Air is taken downward between the two sheets of the 
double casing and discharged upward over the heating surfaces and into 
the room. The appliance is controlled from the room to be heated by 
means of a control lever located near the edge of the register. The handle 
of the control is removable as a precaution against accidental turning 
on or off of the gas to the furnace. 

Space heaters are generally used for auxiliary heating, but may be, and 
are in many cases, installed for furnishing heat to entire buildings. Space 
heaters are quite extensively used for house heating in milder climates 
such as exist in the South and Southwest. With the exception of wall 
heaters, they are portable, and can be easily removed and stored during 
the summer season. Although they should be connected with solid piping 
it is sometimes desirable to connect them with flexible gas tubing in which 
case a gas shut-off on the heater is not permitted, and only A.GJi. 
approved tubing should be used. 

Space Heaters 

Parlor furnaces or circulators are usually constructed to resemble a 
cabinet radio. They heat the room entirely by convection, i.e., the cold 
air of the room is drawn in near the base and passes up inside the jacket 
around a drum or heating section, and out of the heater at or near the top. 
These heaters cause a continuous circulation of the air in the room during 
the time they are in operation. The burner or burners are located in the 
base at the bottom of an enclosed combustion chamber. The products of 
combustion pass up around baffles within the heating element or drum, 
and out the flue at the back near the top. They are well adapted not only 
for residence room heating but also for stores and offices. 

Radiant heaters make admirable auxiliary heating appliances to be used 
during the occasional cool days at the beginning and end of the heating 
season when heat is desired in some particular room for an hour or two. 
The radiant heater gives off a considerable portion of its heat in the form 
of radiant energy emitted by an incandescent refractory that is heated by 
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a Bunsen flame. They are made in numerous shapes and designs and in 
sizes ranging from two to fourteen or more radiants. Some have sheet- 
iron bodies finished in enamel or brass while others have cast-iron or brass 
frames with heavy fire clay bodies. An atmospheric burner is supported 
near the center of the base, usually by set screws at each end. Others 
have a group of small atmospheric burners supported on a manifold 
attached to the base. Most radiant heaters are supported on legs and are 
portable; however, there are also types which are encased in a jacket 
which fits into the wall with a grilled front, similar to the ordinary wall 
register. Others are encased in frames which fit into fireplaces. 

Gas-fired steam and hot water radiators are popular types of room heating 
appliances. They provide a form of heating apparatus for intermittently 
heated spaces such as stores, small churches and some types of offices and 
apartments. They are made in a large variety of shapes and sizes and are 
similar in appearance to the ordinary steam or hot water radiator con- 
nected to a basement boiler. A separate combustion chamber is provided 
in the base of each radiator and is usually fitted with a one-piece burner. 
They may be secured in either the vented or un vented types, and with 
steam pressure, thermostatic or room temperature controls. 

Warm air radiators are similar in appearance to the steam or hot water 
radiators. They are usually constructed of pressed steel or sheet metal 
hollow sections. The hot products of combustion circulate through the 
sections and are discharged out a flue or into the room, depending upon 
whether the radiator is of the vented or unvented type. 

Garage heaters are usually similar in construction to the cabinet 
circulator space heaters, except that safety screens are provided over all 
openings into the combustion chamber to prevent any possibility of 
explosion from gasoline fumes or other gases which might be ignited by 
an open flame. They are usually provided with automatic room tem- 
perature controls and are well suited for heating either residence or 
commercial garages. 

Conversion Burners 

Residence heating with gas through the use of conversion burners in- 
stalled in coal-designed boilers and furnaces represents a common type 
of gas-fired house heating system, especially in natural gas territories. 
In many conversion burners radiants or refractories are employed to 
convert some of the energy in the gas to radiant heat. Others are of the 
blast type with luminous flames, operating without refractories. In each 
case an attempt is made to transfer the majority of the heat from the gas 
to the medium to be heated within the fire pot itself because of the low 
heat transfer that takes place in the flue passages. 

Many conversion units are equipped with sheet metal secondary air 
ducts which are inserted through the ash-pit door. The duct is equipped 
with automatic air controls which open when the burners are operating 
and close when the gas supply is turned off. This prevents a large part 
of the circulation of cold air through the combustion space of the ap- 
pliance when not in operation. By means of this duct the air necessary 
for proper combustion is supplied directly to the burner, thereby making 
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it possible to reduce the amount of excess air passing through the com- 
bustion chamber. 

Conversion units are made in many sizes both round and rectangular 
to fit different types and makes of boilers and furnaces. They may be 
secured with manual, push button, or room temperature control. 

Sizing Gas-Fired Heating Plants 

While gas-burning equipment can be and usually is so installed as to be 
completely automatic, maintaining the temperature of rooms at a pre- 
determined and set figure, there are in use installations which are manually 
controlled. Experience has shown that in order to effectively overcome 
the starting load and losses in piping,. a manually-controlled gas boiler 
should have an output as much as 100 per cent greater than the equivalent 
standard cast-iron column radiation which it is expected to serve. 

Boilers under thermostatic control, however, are not subject to such 
severe pick-up or starting loads. Consequently, it is possible to use a 


Table 1. Selection Factors for Gas Boilers 


Cast-Iron Steam Radiation 
(Equivalent Square Feet) 

Selection Factor 
(Per Cent) 

500 

56.0 

800 

54.0 

1,200 

51.0 

1,600 

48.0 

2,000 

45.0 

3,000 

42.5 

4,000 and over 

40.0 


much lower selection, or safety, factor. A gas-fired boiler under ther- 
mostatic control is so sensitive to variations in room temperatures that in 
most cases a factor of 25 per cent is sufficient for pick-up load. 

The factor to be allowed for loss of heat from piping, however, must 
vary somewhat, the proportionate amount of piping installed being con- 
siderably greater for small installations than for large ones. Consequently, 
a selection factor for thermostatically controlled boilers must be variable. 
Table 1 gives selection factors to be added to the installed steam radiation 
under thermostatic control. They have been established by experience 
and are recommended by the American Gas Association. 

The same factors may be used in determining the gas demand for which 
conversion burners installed in steam or hot water boilers should be set. 
Multiplying the equivalent direct heating surface (radiation) by 240 and 
adding the appropriate percentage from Table 1, and then dividing by the 
heat value of the gas and by the heating efficiency (see discussion of 
heating efficiencies in Chapter 29), gives the proper hourly rate of gas 
consumption. However, inadequate boiler heating surface for gas 
burning, often encountered in coal-designed boilers converted to gas, may 
necessitate operation at a lesser demand, resulting in much slower pick-up 
and less margin of safety for piping loss. 

Appliances used for heating with gas should bear the approval seal' 
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of the American Gas Association Testing Laboratory. Installations should 
be made in accordance with the recommendations shown in the publica- 
tions of that association. 

Ratings for Gas Appliances 

Since a gas appliance has a heat-generating capacity that can be pre- 
dicted accurately to within 1 or 2 per cent, and since this capacity is not 
affected by such things as condition of fuel bed and soot accumulation, 
makers of these appliances have an opportunity to rate their product in 
exact terms. Consequently all makers give their product an hourly Btu 
output rating. This is the amount of heat that is available at the outlet of 
a boiler in the form of steam or hot water, or at the bonnet of the furnace 
in the form of warm air. The output rating is in turn based upon the 
Btu input rating which has been approved by the American Gas Asso- 
ciation Testing Laboratory and upon an average efficiency which has 
been assigned by that association. 

In the case of boilers, the rating can be put in terms of square feet of 
equivalent direct radiation by dividing it by 240 for steam, and 150® for 
water. This gives what is called the American Gas Association rating, and 
is the manner in which all appliances approved by the American Gas 
Association Laboratory are rated. To use these ratings it is only necessary 
to increase the calculated heat loss or the equivalent direct radiation load 
by an appropriate amount for starting and piping, and to select the boiler 
or furnace with the proper rating. 

The rating given by the American Gas Association Laboratory is not 
only a conservative rating when considered from the standpoint of 
capacity and efficiency, but is also a safe rating when considered from the 
standpoint of physical safety to the owner or caretaker. The rating that 
is placed upon an appliance is limited by the amount of gas that can be 
burned without the production of harmful amounts of carbon monoxide. 
This same limitation applies to all classes of gas-consuming heating 
appliances that are tested and approved by the Laboratory. Gas boilers 
are available with ratings up to 14,000 sq ft of steam, while furnaces with 
ratings up to about 500,000 Btu per hour are available. (See Chapter 23.) 

Installation Features 

One feature of the piping installation that adds to the satisfactory 
service rendered by gas boilers is provision for adequate and rapid venting 
of the air from steam heating systems. If air leaks into the steam dis- 
tribution system during the period that the gas is turned off, and then 
vents out slowly when the thermostat calls for heat, the result will be a 
further cooling of the premises between the time that the thermostat 
calls for heat and the time that steam reaches the radiators. A freely 
venting steam or vapor system gives maximum economy and minimum 
temperature variation. When gas boilers are attached to existing heating 
plants, it is good practice to check the effectiveness of the venting devices 


•A value of 160 for the heat emission of hot water radiators is used by many engineers. The actual heat 
emission, however, depends on the temperature of the water and of the surrounding air. See Chapters 
30 and 33. 
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and if necessary to replace them with more effective ones that will prevent 
the return of air into the heating system, and also to check the tightness 
of the piping. 

Frequently when a coal boiler is already installed in a home, it 
is expedient to leave the coal boiler in place, and to cross-connect the 
gas boiler with it. Where gas heating is new to the community, it pro- 
duces a more secure feeling in the customer’s mind when putting in gas- 
fired house-heating equipment, if he knows that he can burn coal at any 
time he may desire. For steam or vapor installations, it is desirable to 
have the water line in both boilers at the same level. 


PROBLEMS IN PRACTICE 


1 # What functions must an automatic stoker perform in burning coal? 

An automatic stoker must distril?ute the coal evenly over the fuel bed, and fire it uni- 
formly. It must introduce air in proper quantities to all parts of the fuel bed, and dispose 
of the ash without interfering with the combustion process. Indirectly, the stoker is 
responsible for the proper burning of the volatile fuel gases in the combustion space 
above the fuel bed. 

2 • Classify stokers as to construction and operation. 

a. Overfeed flat grate. 

b. Overfeed inclined grate. 

c. Underfeed side cleaning type. 

d. Underfeed rear cleaning type. 

3 • What classification may be made of stokers as to their use? 

Class 1. For residences (Capacity less than 100 lb of coal per hour). 

Class 2. For apartment houses and small commercial heating jobs (Capacity 100 to 200 
lb of coal per hour) . 

Class 3. For general commercial heating and small high pressure steam plants (Capacity 
200 to 300 lb of coail per hour)". 

Class 4. For large commercial and high pressure steam plants (Capacity over 300 lb of 
coal per hour). 

4 • What main parts are found in an underfeed residential stoker? 

A hopper is supplied to hold coal which is fed by a screw or plunger into a retort provided 
with air openings called tuyeres. A blower supplies air under pressure for combustion, and 
a gear case provides for changes in coal feeding rates. 

5 • What is a dead-plate? 

A dead-plate is a flat surface without air supply openings upon which the fuel rests while 
combustion of the fixed carbon is completed. Generally the ash is removed from the 
dead-plate. ' , i ' ' 

6 # What rate of coal burning is usually recommended for small underfeed 
stokers? 

For continuous operation, 25 lb per square foot of grate surface is recommended; for 
short duration peaks, 30 lb. 
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7 • What methods of oil atomization are used? 

1. Throwing the oil from a rotating cup or disc. 

2. Forcing the oil under high pressure through a whirl chamber in a nozzle. 

3. Propelling the oil with a high velocity jet of air or steam. 

4. Forcing an oil and air mixture through a nozzle. 

8 • What is the purpose of atomization? 

Atomization is used to increase the surface area of the oil in order to facilitate putting it 
into a vaporous state so it may burn. 

9 # Is the furnace of much importance in oil burning? 

In most cases it is very important. It is the function of the oil burner to supply the air 
and fuel in correct proportions; the furnace must provide heated space for proper mixing 
and combustion. 

10 • Which dame is considered better, the luminous or the non-luminous? 
Laboratory tests show that they are equally efficient in the usual installation. 

11 • What main precaution is necessary in choosing a boiler for an oil burner? 

Since the burner output is usually varied through a wide range under control of the 
thermostat, a boiler should be provided with enough indirect heating surface to absorb 
the heat as it is released. The combustion space must be large enough, and have correct 
proportions for mixing fuel and air at high temperatures. If oil is used inefficiently 
high heating costs will result. 

12 # How should oil burner adjustments be made? 

Adjustments should be made by an experienced man who uses a gas analysis apparatus 
to determine the CO 2 content. 

13 • What CO 2 content should be attained in oil burning? 

Ten per cent 00% is considered good practice, for it indicates the supplying of 50 per cent 
excess air. 

14 • What maximum heat release is considered good practice in oil burning? 

‘A heat release of 38,000 Btu per cubic foot per hour is considered to be the maximum for 
average large installations. This figure has been greatly exceeded in some cases. The 
design of the combustion chamber, as to impingement of flame and as to proper mixing 
at high temperatures, has much to do with the attainable heat release. 

15 • Name five types of gas-fired space heaters. 

a. Parlor furnaces or circulators. 

b. Radiant heaters. 

c. Gas-fired steam or hot water radiators. 

d. Warm air radiators. 

e. Garage heaters. 

16 • How are gas heating units rated? 

Gas-fired units are rated on the basis of output in Btu per hour. 

17 • What safety consideration is noted in establishing the ratings of gas-fired 
units? 

The rating is limited by the amount of gas that can be burned without the liberation of 
harmful amounts of carbon monoxide. 
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18 • WEat control eqfuipment is essential in the usual oil hiurner installation? 

See Chapter 14. Usually a room thermostat, a limiting device to prevent the pressure or 
temperature from exceeding a desirable limit, a shut-off device to guard against failure 
of flame ignition, and in steam or hot water boilers a low water protective device. 

19 • In the construction of gas-fired garage space heaters, what special pre- 
caution must be taken? 

A safety screen must be placed over each opening into the combustion chamber to pre- 
vent explosions of any possible gasoline vapors. 

20 # List some factors which might account for possible economies of stoker 
firing over hand firing. 

a. The regular feed of coal instead of the intermittent feed. 
h. The use of cheaper sizes and grades of fuel. 

c. The absence of door openings for firing purposes, which avoids the admission of cold 
excess air. 

d. The avoidance of overheating because the stoker responds quickly to automatic 
equipment controlled by the heat demand. 
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FUEL UTILIZATION 


Heat Loss^ Calorific Values^ Heating Efficiencies, Non-Heating 
Periods, Heat Capacity oj Buildings, Miscellaneous Factors, Degree- 
Day Method, Rough Approximations, Relative Heating Costs 


T O predict the amount of fuel likely to be consumed in heating a 
building during a normal heating season, it is necessary to know the 
total heat requirements of the building and the utilization factor of the 
fuel. The accuracy of the estimate will depend on the ability to select 
these values and on the care taken in making allowances for other variable 
factors. 

Fuel requirements^ are given by the following general equation : 

(t - t^) X CXE ^ ^ 

where 

F — quantity of fuel required for a heating season. 

N = number of hours of heating season. 
t = inside temperature, degrees Fahrenheit. 
to, = average outside temperature, degrees Fahrenheit. 

= outside design temperature, degrees Fahrenheit. 

H — calculated heat loss of building based on outside temperature of Btu per hour. 
C = calorific value of one unit of fuel, the unit being the same as that on which F 
is based - 

E ~ efficiency of utilization of fuel, per cent. 

HEAT LOSS 

The hourly heat loss {H) is equal to the sum of the transmission losses 
(HO and the infiltration losses (HO of the rooms or spaces to be heated, 

H 

and the total equivalent heating surface required is equal to ^ sq ft. 

In estimating the fuel consumption of a building of more than one room 
divided by walls or partitions, it is not correct to use the calculated heat 
loss of the building without making the proper allowance for the fact that 
the heating load at any time does not involve the sum of the infiltration 
losses of all of the heated spaces of the building but only part of the 
infiltration losses. This is expleiined in Chapter 6. 

It is sufficiently accurate in most cases to consider only half of the total 
infiltration losses of a building having interior walls and partitions, and 
the value of H in Equation 1 would, under these conditions, be equal to 

^For further information on this subject see Estimating Fuel Consumption, by Paul D. Close, {Beating 
Piping and Air Conditioning, May, 1931). 
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iiz"* 

. If a building has no interior walls or partitions, whatever air 

enters through the cracks on the windward side must leave through the 
cracks on the leeward side, and only half of the total crack should be used 
in computing the infiltration for each side and end of the building. Under 
these conditions it is sufficiently accurate to use the total calculated heat 
loss (H) for the building. If the average wind velocity during the heating 
season differs from that upon which Hi was derived, the value of H should 
be corrected accordingly. 

Of course, where the required heating surface is estimated by empirical 
or rule-of-thumb methods, refinements in approximating fuel consump- 
tion are not warranted, but rule-of-thumb methods often lead to unsatis- 
factory results and should be avoided in heating work where more accurate 
methods are available. It should be emphasized that the value of H in 
Equation 1 is the total heat loss of the building after making the proper 
allowance for infiltration. 

CALORIFIC VALUES AND HEATING EFFICIENCIES 

The calorific values of fuel oils and gas can be ascertained with reason- 
able accuracy. The values for various grades of oil are given in Table 3, 
Chapter 27. The calorific value of gas can always be obtained from the 
local utility company. Values for natural gas are given in Table 4, 
Chapter 27; manufactured gas usually has a calorific value of about 535. 
Coals have a larger range and may vary for the same type of coal, depend- 
ing on its ash content. For general purposes where specific data are 
lacking, values can be taken from Table 1, Chapter 27. 

To decide on the correct efficiency to use is a more difficult matter, par- 
ticularly if the estimate is being made without a full knowledge of the 
equipment for burning the fuel and the care the furnace will receive. 
Efficiencies usually are given in the catalogs of manufacturers of furnaces 
and boilers, but these values are obtained under test conditions and do not 
allow for poor attendance, defects in installation, or poor draft. On the 
other hand, such efficiencies assume that all the heat radiated from the 
outside of the heaters or casings as sensible heat of the flue gases is lost, 
whereas, if the heater is installed in the building being heated, a con- 
siderable portion of these losses may help to heat the building^; how much 
of this it is legitimate to use in increasing the value of E will depend on 
whether H included the heat losses in the cellar, and on the construction 
of the chimney. Except for an interior chimney, the heat transferred 
through the chimney wall to the building will be very small. Chimney 
allowances should be greater for lower test efficiencies. Thus an insulated 
furnace will give a high efficiency on test but will not heat the cellar. A 
modern gas furnace will have a high efficiency with a correspondingly low 
flue gas temperature and hence there will be very little heat from the 
flue pipe. 

For great exactitude the value for E should take care of inefficiency in 
the heat distribution in the building because of such losses as excessive 
heating of the walls behind the radiators and excessive stratification. It 

^Analysis of the Over-All EfEdeiicy of a Residence Heated by Warm Air, by A. P. Kratz and J. F. 
Quereau (A.S.H.V.E. TRANSACTlONfS, Vol. 35, 1929). 
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is preferable, however, to include these losses in the value of H, and to 
limit E to the fuel burning equipment. 

Automatic fuel burning equipment, whether for coal, oil or gas, will tend 
to save fuel and will therefore produce a higher efficiency if thermostati- 
cally controlled, but on the other hand automatic equipment tends to 
make the householder prolong his heating season and maintain a higher 
temperature in the house in the early fall and late spring. 

NON-HEATING PERIODS 

Obviously, the theoretical fuel consumption will be reduced con- 
siderably by not operating the heating plant at night. Allowance for 
this may be made in either of two ways: (1) by estimating the average 
inside temperature t, or (2) by arbitrarily assuming a certain reduction 
in the fuel consumption. 

The first procedure is, of course, the more accurate. If, for example, the 
daytime temperature is to be 70 F, and the temperature from 12 midnight 
to 6 a.m. is to be maintained by thermostatic control at 50 F, then the 

average daily inside temperature t will be ^4 

Strictly speaking, this average inside temperature would apply only when 
the outside night temperature averages below 50 F, but this -fact usually 
is not of sufficient importance to warrant consideration. If the average 
outside temperature during the heating season is 30 F, the fuel saving 

yQ 

would be approximately 100 X - y - Q - _ - g - ^ or 12.5 per cent. In this case, the 

additional saving in fuel due to the cooling of the air and structural 
materials to 50 F would be offset by the heating-up load in the morning. 

As to the second procedure, it may be arbitrarily assumed that a 
saving in the fuel consumption of from 10 to 30 per cent, depending on 
conditions, will result if the heat is shut off after working hours, and the 
building is heated to the required temperature during the period of occu- 
pancy each day. This, of course, is a general statement and wherever 
possible the average temperature should be estimated from the propor- 
tionate lengths of the occupancy and non-occupancy periods and the cor- 
responding temperatures for these periods. Any deviation from the assumed 
inside temperature will result in a variation in the estimated fuel con- 
sumption. 

HEAT CAPACITY OF BUILDINGS 

The heat required to warm the cold building and contents is a factor 
to be considered. Under certain conditions, the cooling of the structure 
and contents will, to some extent, compensate for the heat required to 
rewarm the building. For example, if the building is under thermostatic 
control and the day and night temperatures are say 70 F and 50 F, 
respectively, there will be a. period during which no heat will be called for 
while the building is cooling to 50 F, and the saving resulting therefrom will 
correspond to the additional heat required to bring the building and con- 
tents back to the daytime temperature. If in estimating the fuel con- 
sumption the average daily inside temperature is based on the proper day 
and night temperatures and periods, the heat required to warm the 
structure may be neglected. 
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Where irregular conditions are involved it may be desirable to actually 
calculate the fuel required to warm the building structure and contents 
for the number of times during the heating season the heating plant would 
not be in operation and to add this quantity to the fuel required for the 
number of hours during which the building is heated. The greater the 
heat capacity of the structure the greater will be the relative importance 
of this item. For structures of low heat capacity, such as frame buildings, 
this factor usually may be neglected. 


Example 1 , A small factory building located in Philadelphia is to be heated to 60 F 
between the hours of 7 a,m. and 7 p.m.,and to 50 F during the remaining hours. The 
calculated hourly heat loss, based on a design temperature of — 6 F, is 500,000 Btu. If 
coal having a calorific value of 12,500 Btu per pound is fired, and the over-all heating 
efficiency is assumed to be 60 per cent, how many tons of coal will be required for a 
normal heating season, neglecting other heat sources and any loss of heat through open 
windows? 

Solution, Since there are no partitions in this building, the entire heat loss is con- 
sidered. The average outside temperature during the heating season is 41.9 F (see 
Table 2, Chapter 7); / = 60 F; iV = 5040; H - 500,000; it - to) = 66 F; C = 12,500; 
E = 0.60. Substituting these values in Equation 1 and dividing by 2000 to change to 
tons; 


500,000 X 18.1 X 5040 
66 X 12,500 X 0.60 X 2000 


= 46 tons of coal 


Inasmuch as the building will be heated to 50 F at night, the average inside tempera- 

60 — 55 

ture at the breathing line will be 55 F, and the percentage saving will be gQnrjJg 

= 0.276 or 27.6 per cent. The net fuel consumption will therefore be 46 — 0.276 X 46 
or 33.3 tons. 


MISCELLANEOUS FACTORS 

There are many factors which would be likely to affect the theoretical 
fuel requirements of a building, such as the opening of windows, abnormal 
inside temperatures, other heat sources, sun effect, wind, and rain. In 
many cases it is difficult to evaluate these factors accurately, particularly 
in the case of open windows, and the results are correspondingly less 
accurate. The degree of refinement of the calculations should, of course, 
be consistent with the conditions involved. If the heat loss from the 
boiler and piping does not warm the building or is not included in Hy 
the proper allowance should be made. In selecting a boiler, this allowance 
is frequently assumed to be 25 per cent of the total heat loss of the build- 
ing, but in estimating fuel requirements, the more accurate procedure of 
computing the pipe and boiler losses should be used, unless this item is 
likely to be outweighed by other less tangible factors. 

Where temperature control is installed the fuel consumption can 
obviously be predetermined with greater accuracy than where no such 
control has been provided. In fact the calculated requirements agree to a 
remarkable extent in many cases with the actual fuel consumption. This 
has been particularly true of gas-fired installations, with which effective 
temperature regulation usually is possible. 

OTHER HEAT SOURCES 

Where other heat sources are available it is quite often possible to make 
accurate allowance for the reduction in the fuel consumption resulting 
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therefrom. These sources include the heat supplied by persons, lights, 
motors and machinery, and should also be ascertained in the case of 
theaters, assembly halls and industrial plants. (See Chapter 7.) In many 
cases these heat sources should not be allowed to affect the size of the in- 
stallation of heating equipment, although they may have a marked effect 
upon the fuel consumption. In residences this factor usually may be 
neglected. 


DEGREE-DAY METHOD 

A very useful unit for estimating fuel consumption, particularly for 
residences, is the degree-day. (See definition in Chapter 41.) Degree-days 
for various cities in the United States and Canada are given in Table 1. 
The term degree-day originated in the gas industry and was later stand- 
ardized by the American Gas Association^. 

The base of 65 F is used for an inside temperature of 70 F. This base 
was chosen because it was demonstrated, by means of data collected from 
numerous installations, that heat is seldom supplied to a residence when 
the outdoor temperature is greater than 65 F. It was also found that 
the fuel consumed varied almost directly with the difference between 
65 F and the outside temperature. 

If the inside temperature were maintained at 70 F throughout the 24 
hours of the day, then the base of 65 F would probably be in error. It 
must be borne in mind, however, that although the temperature head is 
the difference between the inside temperature of say 70 F, and the outside 
temperature, a lower temperature than 70 F will usually be maintained at 
night and the base of 65 F will therefore allow for this condition. As 
already indicated, a temperature of 50 F from midnight to 6 a.m. will 
reduce the 24-hour average from 70 to 65 F. It is important to note that 
the degree-day applies specifically to an inside temperature of 70 F, 
which is the usual temperature for residences, and it should also be noted 
that allowance is automatically made for the lower nighttime tempera- 
ture, although this allowance is constant for any given locality. 

In Equation 1, the quantity (^ — 4) Y, N is equivalent to the number 
of degree-days in a heating season multiplied by 24, when the average 
daily value of t is 65 F. Therefore, 

(^ - /a) X iV - 24 P (2) 

Substituting the value of (i 4) X iV from Equation 2 in Equation 1, 
the following general formula for an average daily inside temperature of 
65 F, which is approximately equivalent to an inside daytime temperature 
of 70 F for residences, is obtained: 

r. „ 24iyj9 

(/ - 4) X C X £ ^ ^ 

Example 2. The calculated hourly heat loss of a residence located in Chicago is 
127,000 Btu, which includes 28,000 Btu for infiltration. The design temperatures are 
— 8 F and 70 F. The normal heating season is assumed to be 210 days (5,040 hours) and 
the average temperature during this period is 36.4 F (see Table 2, Chapter 7). The 


*See Industrial Gas Series, Bouse Beating (third edition) published by the American Gas Association, 

483 




American Society of Heating and Ventilating Engineers Guide, 1935 


Table 1. Degree-Days for Cities in the United States and Canada^ 


Col A 

ColB 

ColC 

Col A 

ColB 

Col C 

State 

City 

Degree-Days 

State 

City 

Degree-Days 

Ala. . 

Birmingham 

2,408 

Npv. 

Reno 

5,891 


Mobile 

T471 

N. H 

Concord 

6352 

Ar\2. 


7il45 

N. J 

Atlantic City 

5il75 


Tucson 

li845 


Trenton 

4,934 

Ark. 

Hot Springs 

2', 665 

N. M.. . 

Santa Fe 

6,063 


Little Rock 

2,811 

N. Y. - 

Albany 

6,889 

Calif. 

T.os Angeles 

li504 


Buffalo 

6321 


San Francisco ... . 

3^264 


New York 

5,348 

Cnlo. 

Colorado Springs. . 

6,553 

N. C. .. 

Raleigh 

3,234 


Denver 

5,873 


Wilmington 

2,302 

Conn . 

New Haven 

5,895 

N. Dak 

Bismarck 

8498 ' 

D. C 

Washington 

4,626 

Ohio 

Cincinnati 

4,702 

Fla. 

Jacksonville 

'890 


Cleveland 

6,154 

Ga. 

Atlanta 

2,891 


Columbus 

5,323 


Savannah 

1490 

Okla 

Oklahoma City 

3313 

Idaho 

Boise 

4,558 

Ore 

Portland 

4468 • 


Lewiston. 

4^924 


Salem 

4329 

111.. .. 

Chicago 

6;315 

Pa 

Philadelphia 

4,855 


Springfield 

5'370 


Pittsburgh 

5,235 

Ind 

Evansville 

4464 

R. I 

Providence 

6,014 


Indianapolis „ .. 

5^297 

S. C 

Charleston 

1.769 

Iowa 

Des Moines 

6,373 


Spartanburg. 

. 3,257 


Sioux City 

7,023 

S. Dak 

Sioux Falls 

7,683 

Kans 

Dodge City 

5,034 

Tenn 

Memphis 

2,950 


Topeka 

5,301 


Nashville 

3,578 

Ky 

Lexington 

4,616 

Texas 

Austin 

1,578 


Louisville 

4,180 


Dallas 

2,455 

La 

New Orleans 

1,023 


Houston 

1,157 

Me 

Eastport 

8,531 


San Antonio 

1,202 


Portland 

7,012 

Utah 

Logan 

6,735 

Md 

Baltimore 

4,333 


Salt Lake City 

5,553 

Mass 

Springfield 

6,464 

Vt 

Burlington 

7,620 


Boston 

6,145 

Va 

F redericksburg 

4,243 

Mich 

Detroit 

6,494 


Norfolk 

3,349 


Marquette 

8,692 


Richmond 

3,725 

Minn 

Duluth 

9,480 

Wash 

Seattle 

4,868 


Minneapolis 

7,851 


Spokane 

6,353 

Miss 

Vicksburg 

1,822 

W. Va 

Morgantown 

5,016 

Mo 

Kansas City 

5,202 


Parkersburg 

4,884 


St. Louis 

4,585 

Wis 

Fond du Lac 

7,612 

Mont 

Billings 

7,115 


Green Bay 

7,823 


Havre 

8,699 


La Crosse 

6390 

Nebr 

Lincoln 

6,231 


Milwaukee 

7,372 


Omaha 

6,128 

Wyo 

Cheyenne 

7,462 






Province 

City 

Degree-Days 

Province 

City 

Degree-Days 

B. C 

Victoria 

5,777 

Ont 

Toronto 

7,732 


Vancouver 

5376 

Que 

Montreal 

8^705 


Kamloops 

6^724 


Quebec 

8^628 

Alb..- 

Medicine Hat 

8,152 

N. B 

Fredericton 

9,099 

Sask... 

Qu’Appelle 

11,261 

N. S 

Yarmouth 

7,694 

Man . 

Winnipeg 

11,166 

P. E. I 

Charlottetown 

8,485 

Ont 

Port Arthur 

10,803 




aFrom Industrial Gas >^eries, Bouse Beating {third e^itipn) published by the American Gas Association, 
These degree-days are based on daily mean temperatures. Basie, 65 F. 
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building is to be heated with oil fuel having a calorific value of 141,000 Btu per gallon. 
The heating efficiency is assumed to be 70 per cent. Thermostatic control is to be used 
and a temperature of 55 F is to be maintained from 11 p.m. to 7 a.m. How many gallons 
of oil will be required during a normal heating season if the loss of heat through open 
windows is neglected? 

OQ non 

Solution. The maximum hourly heat loss will be 127,000 ^ — = 113,000 Btu 

= H. Substituting the proper values in Equation 1: 


113.000 X (70 - 36.4) X 5040 

141.000 X 0.70 X [70 - (- 8)1 


2486 gal of oil. 


The average inside temperature will be 


70 X 16 + 55 X 8 
24 


65 F 


and the fuel saving due to this fact will be = 0.149 or 14.9 per cent. 

70 — 36.4 

Hence, the net fuel consumption will be 2486 — 0.149 X 2486 = 2116 gal. 

The normal number of degree-days for Chicago is 6315. Substituting in Equation 3 
and solving by the degree-day method: 


113,000 X 6315 X 24 
78 X 141,000 X 0.70 


2225 gal of oil 


No allowance need be made for the average temperature of 65 F since this is taken 
care of by the selection of a base of 65 F for the degree-day, as already explained. It will 
be noted that the two methods check within 5 per cent in this case. If the average daily 
inside temperature in the first solution had been 66.4 F instead of 65 F, the two methods 
would have checked exactly. 


INDUSTRIAL DECREE-DAY 

Since the standard degree-day is intended for an inside temperature of 
70 F, it is particularly convenient for solving residence problems. Where 
the design temperature differs greatly from 70 F, the standard degree-day 
cannot be accurately applied. Consequently, the industrial degree-day^ 
has been developed and values have been derived for two bases, namely 
55 F and 45 F, intended for inside temperatures of 60 F and. 50 F, re- 
spectively. 

There is a considerable spread, however, among these three bases, and 
consequently there would be an appreciable error if the actual basis to be 
used in a certain case would be approximately midway between any two 
of the three bases for which degree-day values are at present available. 
Since the correction cannot be made on a proportionate basis, it would be 
more accurate in the majority of cases involving inside temperatures other 
than 70 F, 60 F, or 50 F to apply Equation 1. 


APPROXIMATING FUEL REQUIREMENTS 

It is sometimes desirable to obtain a rough approximation of the annual 
fuel consumption. Such approximations may be obtained by using unit 
factors based on the fuel requirements per square foot (or per 100 sq ft) of 
radiation or per 1000 cu ft of space. 

Fig. 1 may be used for rough approximations of coal and oil require- 


■*See Heating and Ventilating Degree- Day Handbook, 
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ments. It should be noted that this figure is given in terms of the fuel 
consumption per 1000 degree-days per 100 sq ft of equivalent heating 
surface (steam) based on an emission of 240 Btu per square foot. Unless 
the radiation is calculated with reasonable accuracy, unit factors will be of 
little value even for rough approximations, since it is obvious that such 
radiation requirements must bear some relationship to the actual heating 
requirements of the building. 

Example 3. Estimate the approximate coal consumption for a building located in 
New York City in which the calculated heating surface requirements (steam) are 
1000 sq ft based on design temperatures of zero and 70 F. 



Fig. 1. Curve for Obtaining Rough Approximation of Annual Fuel Consumption 
IN Tons of Coal or Gallons of Oil per 1000 Degree- Days per 
100 SQ FT of Equivalent Steam Heating Surface^ 

aThis curve is based on heating efficiencies of 60 and 70 per cent for coal and oil, respectively, a calorific 
value of coal of 13,000 Btu per pound, a calorific value of oil of 140,000 Btu per gallon, an inside tempera- 
ture of 70 F, and an emission of 240 Btu per equivalent square foot of heating surface (steam), and does not 
allow for unusual factors which would affect the fuel consumption, such as open windows, week-end shut- 
downs, etc. For hot water, divide the result obtained by means of this chart by 1.6. 


Solution. From Fig. 1, the fuel consumption for a design temperature of zero is 0.53 
tons per 1000 degree-days per 100 sq ft of heating surface. Since there are 5348 degree- 
days in New York City in a normal heating season, the fuel consumption will be approxi- 
mately 0.53 X 5.348 X 10 = 28.34 tons. 

Fig. 2 is taken from the 3rd edition of Industrial Gas Series on House 
Heating, published by the American Gas Association, and indicates the 
average gas consumption per degree-day for various heat contents. 
While the fuel consumption in individual cases may vary somewhat from 
the curve values, these average values are sufficiently accurate for esti- 
mating purposes and give very satisfactory results. 

The value generally used in the manufactured gas industry for resi- 
dences is 0.21 cu ft per degree-day per square foot of equivalent steam 
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radiation (240 Btu) based on the theoretical requirements. A correction 
for warmer climates is necessary and it is customary to gradually increase 
the relative fuel consumption below 3,000 degree-days to about 20 per 
cent more at 1,000 degree-days. 

For hot water or warm air heat the fuel consumption is about 0.19 cu ft 
per degree-day per square foot of equivalent steam radiation, that is, per 
240 Btu per hour. The actual requirements likewise relatively increase 
with hot water or warm air systems as the number of degree-days de- 
creases below 3,000. For larger installations, that is, 1,000 sq ft of 



Fig. 2. Chart Giving Gas Requirements per Degree-Day for Various Calorific 
Values of Gas and for Different Heating Systems^ 

aThis chart is based on an inside temperature of 70 F and an outside temperature of zero. If the radia- 
tion is installed on the basis of any other temperature difference, multiply the result obtained from this 
chart by 70, and divide by the actual temperature difference. 


theoretical radiation and above, there is an increase in efficiency, and a 
consequent decrease in the fuel consumption per degree-day per square 
foot of heating surface. 

The approximate quantities of steam required in New York City per 
square foot of heating surface for various classes of buildings are given in 
Chapter 37. 

The preceding discussion on fuel consumption has dealt with the heating 
requirements of the building irrespective of any air that may be intro- 
duced for ventilation purposes other than the normal infiltration of out- 
side air. The heat required for warming air brought into the building for 
ventilation may be estimated from data given in Chapters 2 and 22. 
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RELATIVE HEATING COSTS 


A comparison of the relative cost of heating with different fuels can 
be made with even a fair degree of accuracy only when there is a full 
knowledge of the equipment which will be used with each fuel, and the 
efficiency with which each will be operated. When proposing to sub- 
stitute one fuel for another, the yearly cost with the fuel being used can be 
obtained. The accuracy of the comparison will depend upon the care 
taken in estimating the cost of the new fuel with the equipment which 
will be used. 

A convenient basis for comparison of various fuels is the cost per 
million Btu. The formula used in estimating costs for coal is: 


• _ 500 X c 

Cc X Ec 

where 

X = cost of heating with coal in dollars per million Btu. 
c = cost of coal in dollars per ton. 

Cc. = calorific value of coal, Btu per pound. 

Ec = over-all or house efficiency for coal, expressed as a decimal. 


(4) 


Example 4. If coal having a calorific value of 13,000 Btu per pound costs $10.00 per 
ton, the cost per million Btu, assuming an efficiency of 60 per cent, will be: 


500 X 10 
13,000 X 0.60 


$0.64 


The formula used in estimating costs for oil is : 

_ 1,000,000 X p 
^ CoXW X Eo 

where 

Y = cost of heating with oil in dollars per million Btu. 
p = cost of oil in dollars per gallon. 

Co — calorific value of oil, Btu per pound. 

W — weight of oil per gallon, pounds. 

Eo - over-all or house efficiency for oil, expressed as a decimal. 


Example S. If oil having a calorific value of 141,000 Btu per gallon (Co X costs 
10 per gallon, the cost per million Btu, assuming an efficiency of 70 per cent, will be: 


1,000,000 X 0.10 
^ 141,000 X 0.70 


= $ 1.01 


The formula used in estimating costs for gas is: 


z - iQQQg 

Cg X Eg 

where 


(6) 


Z = cost of heating with gas in dollars per million Btu. 

g = average cost of gas, including demand and commodity charges, dollars per 
thousand cubic feet. 

Cg — calorific value of gas, Btu per cubic foot. 

Eg = over-all or house efficiency for gas, expressed as a decimal. 

Example 6. If manufactured gas, having a calorific value of 535 Btu per cubic foot, 
costs 60? per thousand cubic feet, the cost per million Btu, assuming an efficiency of 
80 per cent, will be: 
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PROBLEMS IN PRACTICE 

1 # What two factors are most essential in estimating the fuel consumption for 
heating a building in a normal season? 

The total heat requirements of the building, and the efficiency of combustion. 


2 • What will be the cost per year of heating a building with gas, assuming that 
the calculated hourly heat loss is 92,000 Btu based on 0 F, which includes 
26,000 Btu for infiltration? The design temperatures are 0 F and 72 F. The 
normal heating season is 210 days, and the average outside temperature during 
the heating season is 36.4 F. The heating efficiency will be 75 per cent. The 
heating plant will be thermostatically controlled, and a temperature of 55 F 
will be maintained from 11 p.m. to 7 a.m. Assume that the price of gas is 
7 cents per 100,000 Btu of fuel consumption, and disregard the loss of heat 
through open windows and doors. 

The maximum hourly heat loss will be 


92,000 - = 79,000 Btu = H. 


F = 


79,000 X (72 - 36.4) X 24 X 210 


100,000 X 0.75 X (72 - 0) 

The average inside temperature will be 

(72 X 16) + (55 X 8) 


= 2624.9 hundred thousand Btu. 


The fuel saving will be 


24 

100 (72 - 66.3) 
72 - 36.4 


= 66.3 F. 


= 16 per cent. 


Hence, the net fuel consumption will be 

2624.9 — 0.16 X 2624.9 = 2204.9 hundred thousand Btu. 

2204.9 X 0.07 ~ $154.34 = the cost per year of heating the building. 


3 • What factors should be taken into consideration when determining the 
efficiency at which a fuel will be burned? 

Manufacturers’ catalogs usually give equipment efficiencies obtained under test con- 
ditions. These values do not allow for poor attendance, defects in installation, or poor 
draft. Such efficiencies do not consider heat radiated from the outside of the equipment, 
but in many cases this heat is utilized. 


4 • If 20 tons of coal having a calorific value of 13,000 Btu per pound are burned 
in a warm air furnace and produce 286,000,000 Btu at the bonnet, what is the 
efficiency of the furnace? 


Number of Btu at bonnet 

Number of tons X calorific value X number of lb in one ton 


= efficiency. 


286,000,000 X 100 
20 X 13,000 X 2000 


55 per cent. 


5 • In making degree-day calculations, why is the base of 65 F used for an in- 
side temperature of 70 F? 

This base was chosen because data collected from numerous installations show that heat 
is seldom supplied to a residence when the outdoor temperature is greater than 65 F. It 
was also found that the amount of fuel consumed varied in almost direct proportion with 
the difference between 65 F and the outside temperature. 
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6 • Make a rougli approximation of the amount of coal required to heat a 
building located in Cleveland, Ohio, assuming that the calculated heating 
surface requirements are 500 sq ft of steam radiation based on design tern- 
peratmes of TO F and 0 F. 

Using Fig. 1, the fuel consumption for a design temperature of 0 F is found to be 0.53 
tons per thousand degree-days per hundred square feet of heating surface. Cleveland 
has a heating season equivalent to 6154 degree-days, therefore, 

0.53 X 6.154 X 5 = 16.31 tons of coal. 

7 • Make a rough approximation of the gas required to heat a building located 
in Chicago, lU., assuming that the calculated heating surface requirements 
are 1000 sq ft of hot water radiation based on design temperatures of 0 F and 
70 F. Chicago has 800-Btu mixed gas, and 6315 degree-days. 

Using Fig. 2, the fuel consumption for a design temperature of 0 F with 800- Btu gas is 
found to be 0.08 cu ft of gas per degree-day per square foot of hot water radiation. 

0.08 X 6315 X 1000 = 505,200 cu ft. 

8 • A certain building has a maximum heat loss of 250,000 Btu per hour in — 15 F 
weather. How many tons of fuel will be required to maintain a temperature of 
70 F during a 260-day heating season in which the average temperature is 39 F? 
The heating value of the fuel is 13,200 Btu per pound and the efficiency of com- 
bustion is 60 per cent. 

250,000 (70 - 39) 260 X 24 _ or n f 

(70 + 15) 13,200 X 0.60 X 2000 

9 • Which item may be determined more closely, the heating value of a fuel or 
the efficiency of its combustion? 

The heating values of oil, gas, and solid fuels are closely determinable, whereas the 
efficiency of burning depends on the particular equipment chosen and the skill used in 
handling it. 

10 • In an office building, the thermostats are set to maintain 70 F from 7 a.m. 
to 5 p.m. and 50 F during the rest of the time. When the outside temperature 
is 30 F, how much saving might be expected because the temperatures are 
lowered? Under the above conditions the building becomes 50 F by 11 p.m. and 
warms up to 70 F by 8 a.m. 

A temperature of 70 F is maintained during 9 hours, and one of 50 F during 8 hours; the 
temperature would average about 60 F during the 7 hours required for cooling down and 
warming up. The average is 60.4 for the 24 hours. (The average temperature calcu- 
lated would have been 58.3 F, had the warming and cooling periods been neglected.) 

The saving is X 100 = — X 100 = 24 per cent. 

11 • How does the heat capacity of a structure influence the saving made by 
carrying lower temperatures during the night? 

The heat storage capacity of the walls prevents rapid dropping of temperatures at night- 
time and delays the warming up process in the morning. In an extreme case, the building 
would not reach the lowered temperature by the time the higher temperature is called 
for in the morning. But under any conditions, the saving made by lowering the tem- 
perature can be correctly estimated by using the average temperature observed over the 
24-hour period as a factor, as in Question 10. 

12 • What are some of the miscellaneous factors that may cause actual fuel 
consumption to vary from the theoretical fuel requirements as calculated by 
the use of heat losses, temperature difference, and fuel burning efficiency? 

The opening of windows; abnormally high or low inside temperatures; other sources of 
heat, such as machinery or lights; sun effect; and unusual winds. 
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RADIATORS A]VB GRAVITY 
CONVECTORS 


Heat Emission of Radiators and Convectors, Types of Radiators, 
Output of Radiators, Heating Effect, Heating Up the Radiator, 
Enclosed Radiators, Convectors, Code Tests, Gravity •Indirect 
Heating Systems 

T he general terms for heating units are: (1) radiators, for direct sur- 
faces, either exposed, enclosed, or shielded; and (2) convectors, or 
concealed heaters, for extended surfaces that are built in as part of an 
enclosure or cabinet. Some heating units are also available that are a 
combination of radiators and convectors. 

HEAT EMISSION OF RADIATORS AND CONVECTORS 

All heating units emit heat by radiation and conduction. The resultant 
heat from these processes depends upon whether or not the heating unit is 
exposed or enclosed and upon the contour and surface characteristics of 
the material in the units. 

An exposed radiator emits less than half of its heat by radiation, the 
amount depending upon the size and number of sections. When the 
radiator is enclosed or shielded, radiation is further reduced. The balance 
of the emission is by conduction to the air in contact with the heating 
surface, and the resulting circulation of the air warms by convection, 

A built-in heating unit in a convector emits practically all of its heat by 
conduction to the air surrounding it and this heated air is in turn trans- 
mitted by convection to the rooms or spaces to be warmed, the heat 
emitted by radiation being negligible. The small amount of heat trans- 
mitted by radiation to the inside surface of the enclosure diminishes as the 
surface temperature of the enclosure approaches the surface temperature 
of the heating unit. 


TYPES OF RADIATORS 

Present day radiators may be classified as tubular, wall, or window 
types, and are generally made of cast iron. Catalogs showing the many 
designs and patterns available now include a junior size which is more 
compact than the standard unit. 

Pipe Coil Radiators 

Pipe coils are assemblies of standard pipe or tubing (1 in. to 2 in.) which 
are used as radiators. In older practice these coils were commonly used 
in factory buildings, but now wall type radiators are most frequently used 
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for this service. When coils are used, the miter type assembly is to be 
preferred as it best cares for expansion in the pipe. Cast manifolds or 
headers, known as branch tees, are available for this construction. 


OUTPUT OF RADIATORS 

The output of a radiator can be measured only by the heat it emits. 
The old standard of comparison used to be square feet of actual surface, 
but since the advance in radiator design and proportions, the surface 
area alone is not a true index of output. (The engineering unit of output 
is now the Mb or 1000 Btu.) However, during the period of transition 
from the old to the new, radiators may be referred to in terms of equivalent 
square feet. For steam service this is based on an emission of 240 Btu 
per hour per square foot. 

Table L Variation in Dimensions and Catalog Ratings of 
10-Section Tubular Radiators 


No. of Tubes 

3 

4 

5 

6 

7 

Width of Radiator. „ Inches 

4.6-5.1 

6.0-7.0 

8.0-8.9 

9.1-10.4 

11.4-12.8 

Length per Section Inches 

2.5 

2.5 

2.5 

2.5 

2.S-3.0 

Height with Legs— Inches 

Heat Emission— 

•Equivalent Square Feet 


13-14 




20 ' 

25.0-32.5 

16-18 



28.5 

30.0-38.3 

20-21 

15.0-17.5 

20.0-22.5 

25.0-31.2 

30 

36.7-45.0 

22-23 

20.0-21.3 

25 

30.0-33.9 

35 

40.0-45.2 

25-26 

20.0-26.7 

25.0-27.5 

32.5-39.8 

37.5-40.0 

50.0-53.5 

30-32 

25.0-30.9 

33.3-35.0 

40.0-48.6 

50 

63.3-62.5 

36-38 

30.0-36.7 

40.0^2.5 

50.0-56.5 

60 

70.0-75.4 


Output of Tubular Radiators 

Table 1 illustrates the difficulty in tabulating tubular radiator outputs 
since there is so much variation between the products of the different 
manufacturers. Only on the four-tube and six-tube sizes is there any 
practical agreement in output value. The heat emission values appear as 
square feet but are entirely empirical, being based on the heat emission of 
the radiator and not on the measured surface. 

Output of Wall Radiators 

An average value of 300 Btu per actual square foot of surface area per 
hour has been found for wall radiators one section high placed with their 
bars vertical. Several recent tests^ show that this value will be reduced 
from 5 to 10 per cent if the radiator is placed near the ceiling with the bars 
horizontal and in an air temperature exceeding 70 F. When radiators 
are placed near the ceiling, there is usually so noticeable a difference in 
temperature between the floor level and the ceiling that it becomes dif- 
ficult to heat the living zone of a room satisfactorily. 


^University of Illinois, Engineering Experiment Station Bvlletin No. 223, p. 30. 
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Output of Pipe Coils 

The heat emission of pipe coils placed vertically on a wall with the 
pipes horizontal is given in Table 2. This has been developed from avail- 
able data and does not represent definite results of tests. For such coils 
the heat emission varies as the height of the coil. It is customary to use 
an average emission of 100 Btu per linear foot of 134-iri* pipe, 10 ft high. 
The heat emission of each pipe of ceiling coils, placed horizontally, is about 
126 Btu, 156 Btu, and 175 Btu per linear foot of pipe, respectively, for 
1-in., IJ^-in., and IJ^-in. coils. 

Table 2. Heat Emission of Pipe Coils Placed Vertically on a Wall (Pipes 
Horizontal) Containing Steam at 215 F and Surrounded with Air at 70 F 


Btu per linear foot of coil per hour {not linear feet of pipe) 


Size of Pipe 

1 In. 

IK In. 

l}/2 In 

Single row 

132 

162 

185 

Two 1 

252 

312 

348 

F our 

440 

545 

616 

Six 

567 

702 

793 

Eight 

651 

796 

907 

Ten 

732. 

907 

1020 

Twf^lve 

812 

1005 

1135 



Effect of Paint 

The prime coat of paint on a radiator has little effect on the heat output, 
but the finishing coat of paint does influence the radiation emission. Since 
this is a surface effect, there is no noticeable change in the convection loss. 
Thus, the larger the proportion of direct radiating surface, the greater 
will be the effect of painting on the radiation. Available tests are on old- 
style column type radiators which gave results shown in Table 3. 


Table 3. Effect of Painting 32-in. Three Column, Six-Section 
Cast-Iron Radiators 


Radiator 

No. 

Finish I 

1 

Area 

Sq Ft 

Coefficient 

OP Heat Trans. 
Btu 

Relative 
Heating Value 
Per Cent 

1 

irnn, fnnnHry finish 

27 

1.77 

100.5 

2 

On<=‘ rif ^^himipiim hronzt^ _ 1 

27 

1.60 

90.8 

3 

(^ray paint (iippefl 

27 

1.78 

101.1 

4 

One coat dull black Pecora paint — 

27 

1.76 

100.0 


aComparative Tests of Radiator Finishes, by W. H. Severns (A.S.H.V.E. Transactions, Vol. 33, 1927). 


HEATING EFFECT 

For several years the heating effect of radiators has been considered by 
engineers in order to use it for the rating of radiators and in the design of 
heating systems. Heating effect is the useful output of a radiator, in the 
comfort zone of a room, as related to the total input of the radiator^. 


SThe Seating Effect of Radiators, by Dr. Charles Brabble (A.S.H.V.E. Transactions, Vol. 33. 1927. 
p. 33). 
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The results of tests conducted at the University of Illinois are shown in 
Figs. 1 and 2®. For the four types of radiators shown, the following con- 
clusions are given : 


A /?oom 7&mp c/eg F" 

-22. jS2/b J-Tc'/pe 

-22 Test /fae/ 
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E E II ^ 


Steam Tamp- 1 


/ie/gfrt Aboiea Floan /tJ Feat 

Fig. 1. Room Temperature Gradients and Steam Condensing Rates for Four 
Types of Cast-Iron Radiators with a Common Temperature at the 60-In. Level 

Note that the steam condensations are practically the same for all four radiators when the same air 
temperature of 69 F is maintained at the 60-in. level. 



-/ a /£.34Sb7S 9/0 

tie/ghf Abo\AS F/oon /n Feat 


Fig. 2. Room Temperature Gradients and Steam Condensing Rates for Four 
Types of Cast-Iron Radiators with a Common Temperature at the 30-In. Level 

Note that the steam condensations are different for all four radiators when the same air temperature of 
68 F is maintained at the SO-in. level. 

1. The heating effect of a radiator cannot be judged solely by the amount of steam 
condensed within the radiator. 

2, Smaller floor-to-ceiling temperature differentials can be maintained with long, low, 
thin, direct radiators, than is possible with high, direct radiators. 


*Steam Condensation an Inverse Index of Heating Effect, by A. P. Kratz and M. K. Fahnestock 
(A.S.H.V.E. Transactions, Vol. 37, 1931). 
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3. The larger portion of the floor-to-ceiling temperature differential in a room of 
average ceiling height heated with direct radiators occurs between the floor and the 
breathing level. 

4. The comfort level (approximately 2 ft-6 in. above floor) is below the breathing line 
level (approximately 5 ft-0 in. above floor), and temperatures taken at the breathing 
line may not be indicative of the actual heating effect of a radiator in the room. The 
comfort-indicating temperature should be taken below the breathing line level. 

5. High column radiators placed at the sides of window openings do not produce as 
comfortable heating effects as long, low, direct radiators placed beneath window 
openings^ 

HEATING UP THE RADIATOR 

The maximum condensation occurs in a heating unit when the steam 
is first turned on. Fig. 3 shows a typical curve for the condensation rate 
in pounds per hour for the time elapsing after steam is turned into a cast- 
iron radiator. The data are from tests on old style column type radiators. 



Time elapsing) after Steam is +orned m+o Radia+or (m Minutes) 


Fig. 3. Chart Showing the Steam Demand Rate for Heating Up a Cast-Iron 
Radiator with Free Air Venting and Ample Steam Supply 

In practice the rate of steam supply to the heating unit while heating up 
is frequently retarded by controlled elimination of air through air valves 
or traps. Automatic control valves may also retard the supply of steam. 

ENCLOSED RADIATORS 

The general effect of an enclosure placed about a direct radiator is to 
restrict the air flow, diminish the radiation and, when properly designed, 
improve the heating effect. Recent investigations® indicate that in the 
design of the enclosure three things should be considered : 

1. There should- be better distribution of the heat below the breathing line level to 
produce greater heating comfort and lowered ceiling temperatures. 


♦Effect of Two Types of Cast Iron Steam Radiators in Room Heating, by A. C. Willard and M. K. 
Fahnestock (Heating, Piping and Air Conditioning, March, 1930). 

•University of Illinois Engineering Experiment Station Bulletins No. 192 and 223, and Investigation of 
Heating Rooms with Direct Steam Radiators Equipped with Enclosures and Shields, by A. C. Willard, 
A. P. Kratz, M. K. Fahnestock and S. Ronzo (A.S.H.V.E. Transactions, Vol. 35, 1929). 
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2. The lessened steam consumption may not materially change the radiator heating 
performance. 

3. The enclosed radiator may inadequately heat the space. 

A comparison between a bare or exposed radiator (A) and the same 
radiator with a well-designed enclosure (j 5), with a poorly-designed 
enclosure (C), and with a cloth cover (D) will illustrate the relative 
heating effects. In Fig. 4 the curve (B) reveals that the enclosed radiator 
used less steam than the exposed radiator, but gave a satisfactory heating 
performance. A well-designed shield placed over a radiator gives about 
the same heating effect. Curve (C) shows the unsatisfactory effects 
produced by improperly designed enclosures. Curve (B) shows that the 
effect of a cloth cover extending downward 6 in. from the top of the 
radiator was to make the performance unsatisfactory and inadequate. 



Fig. 4. Steam Consumption of Exposed and Concealed Radiators 


Practically all commercial enclosures and shields for use on direct 
radiators are equipped with water pans for the purpose of adding moisture 
to the air in the room. Tests® show that an average evaporative rate of 
about 0.235 lb per square foot of water surface per hour may be obtained 
from such pans, when the radiator is steam hot and the relative humidity 
in the room is between 25 and 40 per cent. This source of supply of 
moisture alone is not adequate to maintain a relative humidity above 
25 per cent on a zero day. 

CONVECTORS OR CONCEALED HEATERS 

Although any standard heating unit (^.e., radiator) may be concealed 
in a cabinet or other enclosure so that the greatest percentage of heat is 


“University of Illinois Engineering Experiment Station Bulletin No. 230, p, 20. 
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conveyed to the room by convection, the best results are usually" 
obtained where units of special design are used. Commercially, these 
specially designed units are built in as part of the enclosing cabinets which 
are necessary for the proper functioning of these heaters. As distin- 
guished from radiators, these gravity convectors have come to be known as 
concealed heaters. Fig. 5 shows a typical built-in cabinet convector. 



Fig. 5. Typical Concealed Convector Using Specially Designed Heating Unit 


The elements or heating units usually consist of a relatively large amount 
of extended surface which may be integral with the core or assembled over 
it, making thermal contact by pressure, through solder, or by both pres- 
sure and metallic contact. Heating elements may be of cast-iron, cast 
aluminum, sheet steel, copper, or commercial alloys. 

Concealed heaters or convectors maintain room temperatures with low 
steam consumption due, probably, to their performance characteristics 
which give reduced air temperatures in the upper level of a room with a 
directed flow of warm air into the living zone and but little radiant heat to 
exposed surfaces. The Concealed Heater Manufacturers Association has 
decided to use the A.S.H.V.E, Standard^ in the formulation of its ratings, 
but has made a provision that heating effect be included in the ratings in 
accordance with the following rules: 


’’A.S.H.V.E, standard Code for Testing and Rating Concealed Gravity Type , Radiation (A.S.H.V.E. 
Transactions, Vol. 37, 1931). 
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Convectors 20 in, or lower may have a heating effect of 15 per cent included in their 
rating; for higher convectors, 1 per cent shall be deducted for each 1 in. increase in 
height above 20 in. No heating effect shall be included in the ratings for convectors 
with a cabinet 35 in. from the floor to the top, or higher. All ratings published will show 
definitely that this heating effect factor is included in the catalog ratings. 

Concealed heaters or convectors are generally sold as completely 
built-in units. The enclosing cabinet should be designed with suitable 
air inlet and outlet grilles to give the heating element its best performance. 
Tables of capacities are catalogued for various lengths, depths and heights, 
and combinations are available in several styles for installations, such as 
the wall hanging type, free-standing floor type, recess type set flush 
with wall or offset, and the completely concealed type. Most of these 
types may be arranged with a top outlet grille, although the front outlet 
is practically standard. In cases where enclosures are to be used but are 
not furnished by the heater manufacturer, it is important that the pro- 
portions of the cabinet and the grilles be so designed that they will not 
impair the performance of the assembled convector. 

The output of a concealed heater, for any given length and depth, is a 
variable of the height. Published ratings are generally given in terms of 
equivalent square feet, corrected for heating effect. However, an extended 
surface heating unit is entirely different structurally and physically from 
a direct radiator and, since it has no area measurement corresponding to 
the heating surface of a radiator, many engineers believe that the per- 
formance of convectors should be stated in Btu’s. For steam convectors, 
as for radiators, 240 Btu per hour may be taken as an equivalent square 
foot of radiation. 

CODE TESTS FOR RADIATORS AND CONVECTORS 

As previously indicated, the output of radiators and convectors is still 
designated by the terms of older practice, but this is gradually giving place 
to an engineering method of designating heat emission. The A.S.H.V.E. 
has adopted the following standards : Code for Testing Radiators (1927) ; 
Codes for Testing and Rating Concealed Gravity Type Radiation (Steam, 
1932, and Hot Water, 1933). 

For steam services the actual condensation weight is taken without any 
allowance for heating effect; for hot water services the weight of circulated 
water is used without allowance for heating effect. In all cases the total 
heat transmission varies as the 1.3 power of the temperature difference 
between that inside the radiator and the air in the room, and is expressed 
in Btu or per hour. 

Standard test conditions specify either a steam pressure of 1 lb gage 
(215 F), or hot water at 170 F and a room temperature of 70 F for radi- 
ators, or an inlet air temperature of 65 F for convectors. The heating 
capacity of a steam radiator or steam convector is determined as follows: 

Ht - Wskz ( 1 ) 

where 

Ht = Btu per hour under test conditions. 

Ws — condensation in lb per hour. 

hg — latent heat in Btu per lb. 
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Ht may be converted to standard conditions of code ratings by using 
the proper correction factor from the following formulae: 


For radiators: 

Cs 

For convectors: 

Cs 


/215 - 

70\l-3 i 

( 145 Y 

\ r, - 

Tr) ' 

KT^-Tr) 

/215 - 

65\i-3 

( ^ 

\T,- 

Ti ) 

\T,-Ti} 


( 2 ) 


(3) 


The output under standard conditions will be : 


where 


Hs - Cs Ht 


Cs = correction factor. 

Ts = steam temperature during test, degrees Fahrenheit. 

Tr = room temperature during test, degrees Fahrenheit. 

Ti = inlet air temperature during test, degrees Fahrenheit. 

Hs — heat emission rating under standard conditions, Btu per hour. 


4) 


Similarly, for hot water convectors, the output under test conditions may 
be determined as follows : 


where 


W (6i - 62) 


3600 


(0) 


H = Btu per hour under test conditions. 

W — pounds of water handled during test. 

61 = average temperature of inlet water, degrees Fahrenheit. 

62 = average temperature of outlet water, degrees Fahrenheit. 
t = duration of test, seconds. 


To convert test results to standard conditions, the following correction 
factor is used: 


C = 


170 - 65 


01 + 62 


- Tx 




(6) 


It has been shown that when the exponent 1.3 is used the range of error 
is less than 5 per cent®. 


GRAVITY-INDIRECT HEATING SYSTEMS^* 

The heating units for this system are usually of the extended surface 
type for steam or hot water, and are installed about as shown in Fig. 6. 


^eats Convectors in a Warm Wall Testing Booth, by A. P. Kratz, M, X. Fahnestock, and E. L. 
Brodmck (JSeating, Piping and Air Conditioning, August, 1933) . 

>For further information on this subject see A.S.H.V.E. Code of Minimum Requirements for the Heating 
and Ventilation of Buildings (edition Of 1929) and Mechanical Equipment of Buildings, by Harding and 
■^^lard, Vol. I, second edition, 1929. 
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aSee Mechanical Equipment of Buildings, by Harding and Willard, Vol. I, second edition, 1929. 

The temperature and volume of the air leaving the register must be great 
enough so that in cooling to room temperature the heat available will just 
equal the heat loss during the same time. In cases where ventilation is a 
requirement, the air volume needed may become so large that the entering 
air temperature will be but slightly above the room temperature. To 
establish and maintain a constant heat flow, provision must be made for 
removing the air in the room, after it has cooled to the desired room tem- 
perature, by a system of vent flues or ducts. As the air flow is maintained 
by natural draft and this gravity head is very slight, it is necessary to 
make all ducts as short as possible, especially the runs from the heating 
units to the base of the vertical warm air flues. Gravity-indirect arrange- 
ments, such as illustrated in Fig. 6, are not to be generally recommended 
for hot water systems unless the water temperature can be maintained at 
a reasonably high temperature and rapid circulation of the water can be 
had. 

PROBLEMS IN PRACTICE 

1 # What are the principal diflferences between a radiator and a convector? 

A radiator is commonly thought of as a commercial heating unit having a maximum 
amount of direct heating surface, whereas a convector is a heating device in which the 
extended or secondary surface may be several times that of the prime surface. The 
radiator ordinarily has vertical tubular chambers for the heating medium but most 
convectors have horizontal tubular chambers to which fins are attached so as to form 
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vertical flues for the passage of air. While radiators are either exposed, enclosed, or 
shielded, convectors are concealed by means of a tight-fitting enclosure. Radiators are 
commonly made of cast-iron but convectors may be made of a combination of metals, 
such as copper and brass, or copper and aluminum. 

2 • How did the term heating effect come into use? 

It has been found that a room requiring a radiator of a certain determined capacity 
could under certain conditions be properly heated, with less temperature gradient be- 
tween floor and ceiling and with less steam condensation, by the same radiator or by one 
of a different design having the same commercially rated capacity. This resulted in the 
use of the term heating effect to apply to the useful heat output of a radiator, in the com- 
fort zone of a room, as related to the total input to the radiator. 

3 • What is the effect of enclosing a direct radiator? 

This will depend almost entirely on the design of the enclosure. If properly enclosed, a 
radiator can be made to give better heat distribution below the breathing line and to 
condense less steam than does an unenclosed radiator giving equal comfort. 

4 • Does paint on a direct radiator affect its heat output? 

Aluminum or gold bronze paint tends to reduce the heat output of a direct radiator 
perhaps 10 per cent, but ordinary non-metallic paint will have little effect on the heat 
output. 

5 • How can the temperature gradient betw'een the floor and the ceiling of a 
room he maintained? 

Long, low, thin, direct radiators will maintain smaller floor to ceiling temperature 
differences than high direct radiators. Convectors properly selected and properly 
installed will accomplish the same result. 

6 # Is the method of enclosing a direct radiator different from that required 
for a convector? 

Generally, yes. An enclosure for a direct radiator should provide a space of at least 

2 in. between the radiator and the front and back inside vertical surfaces of the enclosure 
to utilize the radiant heat to best advantage in heating the air stream passing through 
the enclosure. The enclosure for a convector should be constructed with as little clearance 
as possible between the inside vertical surfaces and the convector so as to confine the 
passage of the air stream through the fi.ns of the convector. An all-over face grille, often 
used when direct radiators are concealed, should never be used for a convector. The 
essential requirements for a convector enclosure are an air inlet below the convector, a 
warm air outlet above it, and sufficient height between the openings to provide a stack 
effect. 

7 • Is it necessary to make any allowance for the performance of a convector 
because it is enclosed? 

No. The commercial ratings of convectors have been determined by testing the con- 
vectors in proper enclosures with grilles in place just as they should be installed for 
■ordinary service. 

3 • On what basis are the capacities of convectors published? 

Published ratings of convectors are on the basis of equivalent square feet of direct exposed 
cast-iron. If any allowance is made for heating effect, the amount of such allowance is 
generally stated in the manufacturers’ catalogs. 

^ • How are fins of convectors attached to the tubes or prime surface? 

Tubes or a solid core may be forced through piercings in the fins under pressure, or the 
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tubes may be expanded into the holes through the fins. In addition a metallic bonding 
agent is sometimes used to insure permanent contact. 

10 • What is the procedure in selecting a convector when the required amount 
of radiation is known? 

First the limiting factor or factors of the enclosure must be determined so the available 
size of the wall recess can be found. Manufacturers’ catalogs show capacities of con- 
vectors of each standard length and depth with varying enclosure heights. From these 
capacity tables, the proper convector of the required capacity can be selected for the 
available wall recess. If all three dimensions of the wall recess are insufficient to accom- 
modate a convector of the required capacity, the available height and length can be 
maintained, but greater depth can be obtained by using a partially recessed enclosure. 


11 • Given a room to be heated to 80 F with outside temperature at zero F. 
Assurpe the heat loss under these conditions to he 10,000 Btu per hour. Deter- 
mine the size of the steam radiator to be installed. 


A square foot of radiation is equivalent to a heat emission of 240 Btu per hour under 
standard conditions of steam at one pound gage pressure (215 F) and surrounding air 
at 70 F. With surrounding air at 80 F, the heat emission from a radiator will be less. 
Under these conditions, the heat emission will not be 240 Btu per square foot of catalog 
rating per hour, but 240 Cg. 


Cs 


(ts - 

(215 - 70) 


(215 - 80)1-3 
(215 - 70) 


0.912, 


and 240 Cs = 240 X 0.912 = 218.5 Btu. Therefore, the size of the radiator to be 
selected shall have a catalog rating of 10,000 divided by 218.5 or 45.8 sq ft. 



Chapter 31 


STEAM HEATING SYSTEMS 


Gravity and Mechanical Return, Gravity One-Pipe Air-Vent 
System, Gravity Ttco-Pipe Air -Vent System, One-Pipe Vapor 
System, Ttco-Pipe Vapor System, Atmospheric System, Vacuum 
System, Suh -Atmospheric System, Orifice System, Zone Control, 
Condensation Return Pumps, Vacuum Pumps, Traps 


T he essential features of the common type of steam heating systems 
are described in this chapter. They may be classified according to the 
piping arrangement, the accessories used, the method of returning the con- 
densate to the boiler, the method of expelling air from the system, or the 
type of control employed. Information concerning the design and layout 
of steam heating systems will be found in Chapter 32. 

GRAVITY AND MECHANICAL RETURN 

In gravity systems the condensate is returned to the boiler by gravity 
due to the static head of water in the return mains. The elevation of the 
boiler water line must consequently be sufficiently below the lowest 
heating units and steam main and dry return mains to permit the return 
of condensate by gravity. The water line difference^ must be sufficient to 
overcome the maximum pressure drop in the system and, when radiator 
and drip traps are used as in two-pipe vapor systems, the operating 
pressure of the boiler. This applies only to closed circuit systems, where 
the condensation is returned to the boiler. If the condensation is wasted, 
no water line difference is required. 

In mechanical systems the condensate flows to a receiver and is then 
forced into the boiler against the boiler pressure. The lowest parts of the 
supply side of the system must be kept sufficiently above the water line 
of the receiver to insure adequate drainage of water from the system, but 
the relative elevation of the boiler water line is unimportant in such cases 
except that the head on the pump or trap discharge becomes greater as 
the height of the boiler water line above the trap or pump increases. 

There are three general types of mechanical returns in common use, 
namely, (1) the mechanical return trap, (2) the condensation return 
pump, and (3) the vacuum return pump. Further information on pumps 
and traps will be presented later in this chapter. 

GRAVITY ONE-PIPE AIR-VENT SYSTEM 

In the gravity one-pipe air-vent system each radiator has but a single 
connection through which steam must enter and condensation must 


^The water line difference is the distance between the water line of the boiler and the low point of the 
water in the dry return main. 
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return in the opposite direction. Each radiator has an individual air 
valve. 

Up-Feed Gravity One-Pipe Air-Vent System 

This system is the most common of all methods of steam heating, due 
largely to its low cost of installation and its simplicity. As will be seen 
from Fig. 1, the steam piping rises to a point as high as possible at the 
boiler and pitches downward from this location until the far end of the 
main or mains is reached. At the far ends drips are taken off at the low 
points of the steam mains, are water-sealed below the boiler water line, 
and then brought back to the boiler in a wet return. Single pipe risers 



are branched off the main or mains to feed the radiators, the steam passing 
up the riser and the condensation flowing down it. The steam and con- 
densation flow in opposite directions in the riser but after the condensa- 
tion enters the steam main it flows in the same direction as the steam and 
is disposed of through the drip connection at the end of the main. In 
buildings of several stories, it is customary to drip the heel of each riser 
separately, whereas in one- or two-story buildings this is not necessary. 
Both types of branches and risers are shown in Fig. 1. 

Horizontal branches to radiators and risers should be pitched at least 
3^ in. in 10 ft downward toward the riser or vertical pipe, and the hori- 
zontal branches from the steam main should be graded at least this 
amount toward the main, except where the heel of the riser is dripped, in 
which case the branch should pitch down toward the riser drip (Figs. 2 
and 3). The return line, if wet, may be run without pitch or may be 
pitched in either direction, but if it is necessary to carry the return main 
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overhead for any distance before dropping, the return should slope down- 
ward with the flow. 

The radiator valves may be of the angle-globe or gate type. They 
should not be of the straight-globe type because the damming effect of the 
raised valve seat interferes with the flow of condensation through the 
valve. Graduated valves cannot be used, as the steam valves on this 
system must be fully open or closed to prevent the radiators’ filling with 
water. Air valves may be manual or automatic, with or without a check 
to prevent the re-entrance of expelled air. Usually the automatic type is 
installed. The greatest source of difficulty with one-pipe steam systems 
is that the heat is all on or all off, with no intermediate position possible. 
However, intelligent use of the on-and-off method of manual control 
gives reasonably satisfactory results. 

It is important that the lowest points of the steam mains and heating 
units be kept sufficiently above the water line of the boiler to prevent 


Up to radiator or riser-^ 
- Pitch 



m - Steam main 

-5 ft approximately - 



Fig. 2. Typical Steam Runout where 
Risers are not Dripped 


Fig. 3. Typical Steam Runout where 
Risers are Dripped 


flooding, although proper design will eliminate this danger. Usually 18 
in. is sufficient but construction limitations frequently make shorter dis- 
tances necessary. The distance may be checked in the following manner : 

Referring to Fig. 4 it will be seen that the water in the wet return is really in an in- 
verted siphon, or U-shaped container, with the boiler steam pressure on the top of the 
water at one end and the steam main pressure on the top of the water at the other end. 
The difference between these two pressures is the pressure drop in the system, -f.e., the 
friction of the steam in passing from the boiler to the far end of the main. The water in 
the far end will rise sufficiently to overcome this difference in order to balance the pres- 
sures, and it will rise enough farther to produce a flow through the return into the boiler 
(usually about 3 in. unless the pipes are small or full of sediment), and it will rise still 
farther if a check valve is installed in the return so as to obtain sufficient head to lift the 
tongue of the check (usually 4 in. will be necessary). 

If a one-pipe steam system is designed, for example, for a total pressure drop of lb, 
and utilizes an Underwriters Loop^ instead of a check valve on the return, the rise in the 
water level at the far end of the return due to the difference in steam pressure would be 
3^ of 28 in., or 3 in. Adding 3 in. to this for the flow through the return main and 6 in. 
as a factor of safety gives 12^ in* as the distance the bottom of the lowest part of the 
steam main and all heating units must be above the boiler water line. The same system, 
however, installed and sized for a total pressure drop of 34 lb, and with a check in the 
return, would require 34 of 28 in., or 14 in., for the difference in steam pressure, 3 in. for 
the flow through the return, 4 in. to operate the check, and 6 in. for a factor of safety, 
making a total of 27 in. as the required distance. Higher pressure drops would increase 
the distance accordingly. 


*See discussion of piping details in Chapter 32. 
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Down-Feed Gravity One-Pipe Air-Vent System 

In the overhead down-feed gravity one-pipe air- vent system there is no 
change over the up-feed system in the radiators, the radiator valves, the 
air valves, or the radiator runouts as far back as the risers. Beyond this 
point there are basic differenced. The steam is taken from the boiler and 
carried to the top of the building as near the boiler as possible (Fig. 5). 
If the run to the main riser is long, or if the riser extends several stories in 
order to reach the top, the bottom of the riser should be dripped into the 
wet return. The horizontal main is taken off the top of the riser and 
grades down from the riser toward all of the drops, each drop taking its 
share of the main condensation (Fig. 6), or all of the drops except the last 
may be taken from the top of the main (Fig. 7) , the last drop being from 
the bottom and serving as a drain for the entire main. As the overhead 



Fig. 5. Typical Down-Feed Gravity One- Pipe Air-Vent System 


506 




Chapter 31 — Steam Heating Systems 


main does not carry any condensation from the radiators it is immaterial 
which method is used. The air vent shown on the main just before the 
last drop (Fig. 5) may be placed at this point or it may be located at the 
bottom of the drop under the last radiator connection and sufficiently 
above the water line of the boiler to prevent flooding. 

GRAVITY TWO-PIPE AIR-VENT SYSTEM 

The gravity two-pipe system is now considered obsolete although many 
of these systems are still in use in older buildings. Separate supply and 



return mains and connections are required for each heating unit; air 
valves are installed on the heating units and mains; hand valves are 
installed on the returns. 

Up-Feed Gravity Two-Pipe System 

This system (Fig. 8) has a steam and a return connection to each 
radiator. The radiator valves for steam, return, and air are the same as 
those described for the gravity one-pipe air-vent system. The steam 
main is run and pitched in the same manner as in the one-pipe system, 
but the returns from each radiator are connected into a separate return 
line system which has its risers carried down and joined to a wet return 
line under the boiler water line level. Where the return has to be kept 
high to function as a dry return, it is advisable to connect the return 
risers to the dry return main through water seals about 36 in. deep, as 
shown in Fig. 9, to prevent steam from one riser entering another and 
closing the air valves on the nearest radiators. 
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Down-Feed Gravity Two-Pipe System 

The steam main in the down-feed system is carried to the top of the 
building, and the piping of the steam side is arranged practically as in the 
down-feed one-pipe gravity system. The drips at the bottoms of the 
steam drops and the runouts to the radiators are similar to those shown 
in Fig. 8 for the up-feed gravity two-pipe system. On the return side of 
the system, the piping is arranged in exactly the same manner as the 
up-feed gravity two-pipe system. 

ONE-PIPE VAPOR SYSTEM 

A vapor system is one which operates under pressures at or near 
atmospheric and which returns the condensation to the boiler by gravity. 
The piping arrangement of a one-pipe vapor system is similar to that of 



^ Floor 


Fig. 9. Method of Connecting Two-Pipe Gravity Returns to 
Dry Return Main 


the gravity one-pipe steam system ; in fact, one-pipe gravity installations 
may readily be changed to one-pipe vapor systems by making a few 
simple alterations. The steam radiator valve is a plug cock which when 
opened gives a free and unobstructed passageway for water. The auto- 
matic air valve is of special design to permit the ready release of air from 
the radiator and to prevent the return of the air after it is expelled. The 
air valves on the main are a quick relief type, and the whole system is 
designed to operate on a few ounces of pressure. 

TWO-PIPE VAPOR SYSTEM 

Two-pipe vapor systems may be classified as (1) closed systems con- 
sisting of those which have a device to prevent the return of air after it is 
once expelled from the system, and which can operate at sub-atmospheric 
pressures for a period of four to eight hours depending upon the tightness 
of the system, and (2) open systems consisting of those which have the 
return line constantly open to the atmosphere without a check or other 
device to prevent the return of air, and which operate at a few ounces 
above atmospheric pressure. 
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Under the first classification the essentials are packless graduated 
valves on the_ radiators, thermostatic return traps on the returns, and 
traps on all drips unless they are water sealed. Such a system, illustrated 
in Fig. 10, should be equipped with an automatic return trap to prevent 
the water from backing out of the boiler. In this up-feed arrangement 
the supply piping is carried to a high point directly at the boiler and is 
graded down toward the end or ends of the supply main, each supply 
main being dripped at the end into the wet return or carried back to a 
point near the boiler where it drops down below the boiler water line and 
becomes a wet return. From this main, runouts are branched off to feed 
risers or radiators above, these being graded back toward the steam main 



^Proper piping connections are essential with special appliances for pressure equalizing and air elimination. 


if they are not dripped at the bottom of the riser, or toward the riser if 
the riser heel is dripped. Both conditions are illustrated in Figs. 2 and 3. 

Return risers are connected to each radiator on its return end through 
thermostatic traps. Their bottoms are connected to the return main 
through runouts which slope toward the main. The return main itself is 
sloped back toward the boiler if it is carried overhead; if run wet, the 
slope may be neglected. An air vent is installed at the point at which the 
return main drops below the water line. In the simplest cases this vent 
consists of a ^-in. pipe with a check valve opening outward, but in 
certain patented systems special forms of vent valves, designed to allow 
the air readily to pass out of the system and to prevent its return, are 
used. A check valve is inserted in the return main at a point near the 
boiler and a vertical pipe is run up into the bottom of the return trap, 
which usually is located with the bottom about 18 in. above the boiler 
water line. Some traps are constructed to permit the bottom’s being 
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Fig. 11. Typical Connections for Automatic Return Trap 

placed as close as 8 in. above the boiler water line. On the other side of 
this connection a second check valve is installed in the main return just 
before it enters the boiler (Fig. 11). 

Down-Feed Two-Pipe Vapor System 

In the down-feed two-pipe vapor system the steam is carried to the top 
of the building, the top of the vertical riser constituting the high point of 
the system, and the horizontal supply main is sloped down from this 
location to the far ends of each branch. The branches are taken off the 
main from the bottom or at a 45-deg angle downward, with the runouts 



Connected to dry return 
® (where connected to wet 
return, drip trap may 
be omitted) 

Fig. 12. Detail of Drip Connections at Bottom of Down-Feed Steam Drop 
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sloped toward the drops (Fig. 6). Thus each branch from the main forms 
a drip and no accumulation of water is carried down any one drop. 
Another method of running the steam main, which is not considered as 
satisfactory but which is practical, is to take the branches off the top of 
the main (Fig. 7) and to drip the end of the main through the last riser, as 
illustrated in the down-feed one-pipe system detail shown in Fig. 6. If 
this is done, the pipe drop at the end or ends of the mains should be 
enlarged one pipe size to provide capacity for this concentration of the 
main drip. 

The steam drops are carried down through the building with suitable 
reductions as the various radiator connections are taken off until the 
lowest radiator runout is reached. If the drop is only two or three stories 
high, the portion feeding the bottom radiator should be increased one 
pipe size to provide for draining the riser, and if the drop is over three 
stories high it is well to increase the portion feeding the two lowest radi- 
ators one or two pipe sizes, especially if the two lowest radiators are small 
and the normal size of drop required is 1 in. or less. The bottom of the 
steam drops should terminate with a dirt pocket above which a drip trap 
connection is located, as shown in Fig. 12. The returns on a down-feed 
vapor system are the same as on an up-feed system except that every 
steam drop must have a drip at the bottom connected either into the 
return through a trap or into a separate water-sealed drip line below the 
boiler water line, as illustrated in Fig. 10, in which case the thermostatic 
traps may be omitted. The runouts to the radiators and the radiator 
connections of the down-feed system are the same as those of the up-feed 
system already described. 

ATMOSPHERIC SYSTEM 

The distinguishing features of the atmospheric system are gravity 
return to the boiler or to waste, graduated or ordinary radiator valves, no 
automatic air valves on the radiators, thermostatic traps on the radiator 
returns, and the venting of all air from the system by means of pipes open 
to the atmosphere. The returns are open to the atmosphere at all times, 
usually by extending the return risers to the top of the building where 
they are either connected together in groups and carried through the roof 
or extended through the roof individually. Atmospheric systems, either 
up-feed or down -feed, are often used where the condensation is not 
returned to the boiler, as in heating systems supplied by high pressure 
steam through pressure-reducing valves at locations far from the boilers. 
The returns may be delivered back to the boiler, if desired, by condensa- 
tion return pumps which are vented to the atmosphere. The return lines 
in such systems are simply gravity waste lines in which the condensation 
flows entirely by gravity and is not aided by any pressure difference. 

The steam side may be run as that for either up-feed or down-feed 
two-pipe vapor systems, as the conditions require, and the radiator con- 
nections are the same as for vapor systems in that they have graduated 
valves on the radiator supply ends and thermostatic traps on the radiator 
return ends. All drips from the supply main and the steam side of the 
system must pass through thermostatic drip traps before entering the 
return system where only atmospheric pressure exists. Fig. 13 illustrates 
a typical scheme of piping used on atmospheric systems. 
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Fig. 13. Typical Atmospheric System with Automatic Return Trap^ 

•Proper piping connections are essential with special appliances for pressure equalizing and air elimination 
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VACUUM SYSTEM 

In the vacuum system, a vacuum is maintained in the return line 
practically at all times but no vacuum is carried on the steam side, and the 
usual accessories include graduated valves on the radiator supply and 
thermostatic traps on the radiator return. The air is expelled from the 
system by a vacuum pump and all drips must pass through thermostatic 
traps before connecting to the return side of the system. 

These systems are often fed from high pressure steam mains through 
pressure-reducing valves but they may be fed direct from a low-pressure 
steam heating boiler as shown in Fig. 14, in which a typical up-feed 
vacuum system is illustrated. The supply main slopes down in the 
direction of flow; the runouts pitch down toward the riser if the riser is 
dripped (Fig. 3) or up toward the riser if the riser is not dripped (Fig. 2) ; 
both conditions are indicated in Fig. 14. The matter of dripping the 
risers depends largely on the height of the riser and the judgment of the 
designer. Ordinarily risers less than three stories high are not dripped 
and those more than four stories high are dripped, but there is no set rule 
for this. When risers are dripped the runouts from the steam main may 
be taken from the bottom if desired and each runout then serves as a drip 
for the main. 

The risers are carried up to the highest radiator connection and are 
connected to the radiator through runouts sloping back toward the riser. 
The radiators usually have graduated valves on the supply end, although 
this is not absolutely necessary. Angle-globe valves and gate valves may 
be used where graduated manual control is not desirable. The return 
valves must be of the thermostatic type which will pass air and water but 
which will close against the passage of steam. 

The return risers are carried down to the basement and are connected 
into a common return line, care being taken that no air pockets exist in 
the runouts or in the horizontal return main which slopes downward 
toward the vacuum pump to which it is connected. The air and water 
are taken by the vacuum pump, which discharges the air from the system 
and pumps the water back to the boiler, or other receiver, which may be a 
feed-water tank or a hot well. It is essential on these systems that no 
connection from the supply side to the return side be made at any point 
except through a trap. 

While the best practice demands a return flowing to the vacuum pump 
in an interrupted downward slope, in some cases limitations make it 
necessary to drop the return below the level of the vacuum pump inlet 
before the pump can be reached. In such event one of the advantages of 
the vacuum system is that the return can be raised by the suction of the 
vacuum pump to a considerable height, depending on the amount of 
vacuum maintained, by means of a lift fitting inserted in the return. 
When the lift is considerable, several lift fittings are used in steps (Fig. 
15), more successful operation being obtained by this method than when 
the lift is made in one step. If the lift occurs close to the vacuum pump, 
a special arrangement is used as shown in Fig. 16. 

Dowir-Feed Vacuum System 

The piping arrangement for the down-feed vacuum system is similar 
on the supply ^de to the down-feed vapor system in that it has similar 
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runouts, radiator valves, drips on the bottom of the steam drops, and 
enlargement of the drops for the lower radiator connections. The return 
side of the system is exactly the same as the up-feed system except that 
the steam riser drips at the bottom are connected into the return line 
through thermostatic traps. It is preferable to take the runouts for the 
risers from the bottom or at a 45-deg angle down from the steam main 
(Fig. 6) so that they may serve as steam main drips. When this is done 
it is practical to run the steam main level if a runout is located at every 
change in pipe size, or if eccentric fittings are used (Fig. 17). A slight 
pitch in the steam main, however, should be used when possible. An 
overhead vacuum down-feed system is shown diagrammatically in Fig. 18. 



Fig. 15. Method of Making Lifts 
ON Vacuum Systems when Distance 
IS Over 5 ft 



Fig. 16. Detail of Main Return 
Lift at Vacuum Pump 




BCCENTRK: BEOUClKiG 
COUPLiNG. 


Fig. 17. Method of Changing Size of Steam Main when Runouts 
ARE Taken from Top 


SUB-ATMOSPHERIC SYSTEMS 

The sub-atmospheric systems are similar to the vacuum system except 
that a pump capable of operating up to 25 in. of vacuum is used, and a 
control is placed on the pump so that the vacuum or absolute pressure 
carried in the return can be maintained a certain amount below that 
existing in the steam line to cause a constant circulation. The traps are 
designed to operate in high vacuum. It is apparent that this system 
differs from the ordinary vacuum system by having a vacuum on both 
sides of the system, instead of only on the return side, in order to secure 
control of the heat emission from the radiators and thus to control the 
temperature in the building. The system can be operated in the same 
manner as the ordinary vacuum system when desired. 

In the vacuum system, steam pressure above that of the atmosphere 
exists in the supply mains and radiators practically at all times. In the 
sub-atmospheric system, steam pressure exists in the steam main and 
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radiators only during the most severe weather, while under average 
winter temperatures the steam is under a partial vacuum which in mild 
weather may reach as high as 25 in. This vacuum is largely self-induced 
by the condensation of the steam in the system when an inadequate 
supply of steam is being furnished through the control valve which admits 
it. In the sub-atmospheric system, a control valve is inserted on the 
steam main of an ordinary vacuum system near the boiler, a high-vacuum 
pump is substituted for the ordinary type and is supplied with a pressure- 
difference control, and traps are placed on the radiators and drips which 
will operate satisfactorily at any pressure from 5 lb gage to 26 in. of 
vacuum. 



Fig. 18. Typical Down-Feed Vacuum System 

The control valve is a special pressure-reducing valve which may be 
controlled manually or thermostatically from points selected in the 
building. The vacuum pump regulator is simply a diaphragm so ar- 
ranged that, when the vacuum in the return line is insufficient to hold the 
desired difference in pressure between the steam and return sides of the 
system, the vacuum pump is automatically started and the vacuum 
increased to the necessary amount. The actual pressure difference main- 
tained between the two sides of the system is only enough to secure 
adequate circulation and is often about 2 in. of mercury. This fixed 
pressure difference between the supply and return sides of the system 
results in practically constant circulation under all pressure conditions. 

In order to distribute the steam equally when the system is being 
warmed up and also to reduce the amount of steam delivered to the 
radiators on mild days, orifice plates are used in the graduated radiator 
control valves. The heat emitted from the radiators in mild weather and 


515 




American Society of Heating and Ventilating Engineers Guide, 1935 


under conditions of high vacuum is not only reduced in proportion to the 
difference in the steam temperature between that for 2 lb gage and for 
25 in. of vacuum but it is reduced still further by a reduction in the amount 
of steam which can pass through the orifice when the steam is expanded 
due to the vacuum. This renders possible the control of heat emission 
from the radiators to a point not indicated entirely by the difference in 
steam temperatures. 

The high-vacuum pumps on this system are equipped with receivers 
having float control so that the pump can be placed on a receiver-return- 
pump basis at night if desired so no high vacuum will be carried. One 
radical difference between this system and the ordinary vacuum system 
is that no lifts can be made in the return line. The returns must grade 
downward constantly and uninterruptedly from the radiator return 
outlet to the inlet on the high- vacuum pump receiver. No attempt should 
be made to heat service water on this system unless the steam line for 
water heating is taken off the boiler header back of the heating system 
control valve, and then only when 2 lb or more will be carried on the 
boiler at all times. 


ORIFICE SYSTEM 

Orifice systems of steam heating may have piping arrangements 
identical with vacuum systems but some of these systems omit both the 
radiator thermostatic traps and the vacuum pump in cases where the 
returns are wasted to a sewer or delivered to some type of receiver in 
which no back pressure exists. The principle on which they operate is 
embodied in the well-known fact that an orifice will deliver varying 
velocities when the ratio of the absolute pressures on the two sides of the 
orifice exceeds 58 per cent. If the absolute pressure on the outlet side is 
less than 58 per cent of the absolute pressure on the inlet side no further 
increase in velocity will be obtained. 

As a result, if an orifice is so designed in size as to exactly fill a radiator 
with steam at 2-lb gage on one side and gage on the other, the abso- 
lute pressure relation is 


14.7 -h 0.25 
14.7 -i- 2.0 


90 per cent 


Should the steam pressure be dropped to 34 lb gage, the pressure on each 
side of the orifice would be balanced and no steam flow would take place. 
From this it will be seen that if an orifice of a given diameter will fill a 
given radiator with steam when there is a given pressure on the main, it is 
simply a question of dropping this main pressure so as to fill any desired 
portion of the radiator down to the point where- the main pressure equals 
the back pressure in the radiator, at which time no steam will be supplied 
at all. If orifices throughout a job are designed on a similar basis, all 
radiators will heat proportionately to the steam pressure within the limits 
for which the orifices are designed. 

Some systems use orifices not only in radiator inlets but also at different 
points on the main, thus balancing the system to a greater extent. For 
example, the system may be designed for a particularly long run involving 
an initial pressure of 3-lb gage on the main and 2 lb at the end of the main, 
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but each branch from the main may have an orifice for reducing the 
pressure at it to 2 lb-gage. This is particularly useful for branches near 
the boiler where the drop in the main has not yet been produced. 

Orifice systems using a vacuum pump operate successfully with the 
ordinary low vacuum type of pump producing 8 to 10 in. of vacuum. 
They are controlled by various means to regulate the steam pressure. 
One method is by a thermostat located on the roof to govern the steam 
pressure by a combination of outside and inside temperatures; another, 
useful on systems without traps and vacuum pumps, controls the steam 
pressure manually from temperature indication stations in the building, 
or automatically by a thermostatically-controlled pressure reduction 
valve or draft regulator on the boiler ; with oil or gas firing, the on-and-off 
control or a boiler pressure control may be used. 

ZONE CONTROL 

Certain portions of a building may require more heat at times than 
others but if the whole building is on one general control, such as would 
occur with a single piping system with an on-and-off control or with the 
sub-atmospheric or the orifice systems, it would be necessary to supply 
sufficient heat to accommodate the coldest portion of the building even 
though some sections would be overheated. By zoning, each section of a 
building may be controlled separately. 

The sides of the building with different exposures should be considered 
first, because of the varying effects of the wind and sun. With the pre- 
vailing winter winds from the northwest, a simple zoning would place the 
north and west sides of the building on one system and the south and east 
sides on another. If the building is large enough to justify the expendi- 
ture, a better arrangement would be to place all north walls on one zone, 
all west walls on a second, all east walls on a third, and all south walls on 
a fourth. 

In case of high buildings, the lowest 8 or 10 stories may be well protected 
from wind by surrounding buildings, the next 10 stories may have 
moderate exposure, and above this there may be an unobstructed exposure 
to gales. On still days the heat demands vertically will vary little, but on 
windy days there will be a marked difference in the heat requirements for 
the different horizontal sections. In addition, the chimney effect caused 
by the difference in density between the warm air on the inside of a 
building and the colder air on the outside will give an air movement which 
will require zoning to correct. Where such conditions are encountered, 
the building should be divided horizontally as well as vertically. An 
arrangement of this character would give 12 zones: namely, north, east, 
south, and west lower zones; similar middle zones; and similar top zones. 
Each zone should constitute an individual and separate system of piping 
with its own supply steam valve (controlled by thermostats in its respec- 
tive zone) and with its own return or vacuum pump, if one is used. 
Certain interior areas, such as basements, light well walls and other 
locations where sun and wind do not affect the conditions, should be 
placed in still another zone if the most economical results are to be 
secured. 

Zoning has advantages even where individual thermostatic radiator 
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control is installed whether this be of pneumatic, electric, or the self- 
contained radiator valve type. By operating the different zones to 
parallel outside temperature requirements, a large part of the load is 
taken off the thermostatic controls ; they make fewer operations and the 
radiator follows a more even temperature instead of fluctuating from 
extreme hot to extreme cold. 

CONDENSATION RETURN PUMPS 

Condensation return pumps are generally required when the elevation 
of the boiler with respect to the heating units is such that the condensate 
will not return by gravity, or when the boiler pressure is greater than that 



supplied the heating units, as in a high-pressure boiler installation sup- 
plying steam through a reducing valve to the heating units. The con- 
densate is commonly returned, by gravity to a receiver, vented to the 
atmosphere, from which it flows to the pump. 

Condensation return pumps are assembled with tank or receiver and 
arranged for either continuous operation or for automatic starting and 
stopping by float control. Any style of water pump may be employed for 
this service, the power available determining whether the mode of drive 
shall be steam or electric. The motor-driven, automatic, centrifugal 
pump and receiver has found wide acceptance in practice for low pressure 
heating systems. 

Fig. 19 shows a typical installation using an automatic condensation 
return pump and vented receiver, A float control operates the pump 
whenever sufficient water accumulates. Condensation return pumps are 
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suitable for use on systems in which the returns are under atmospheric 
pressure. These include atmospheric systems, orifice systems with open 
returns, and certain types of vapor systems which operate within a few 
ounces of atmospheric pressure, but ordinarily do not carry any sub- 
atmospheric pressure. They may also be used on one-pipe and two-pipe 
gravity steam systems with a proper arrangement for venting the receiver. 
In discharging to waste there is no object in using a condensation pump 
unless the discharge muot be elevated. 

VACUUM PUMPS 

A vacuum heating pump is employed to create a vacuum on the return 
end of a system to remove air and water and to return the condensate to 
the boiler or to some other intercepting device that may be employed in 
plants having mixed systems of heating and other services. Pumps of 
this classification may be driven by steam or electricity; they may be 
continuous in operation, or automatic with float or vacuum control in one 
or more combinations. 

For rating purposes^, vacuum pumps are classified as low vacuum and 
high vacuum. Low vacuum pumps are those rated under operation at 
5J^-in. mercury vacuum, and high vacuum pumps are those rated at 
vacuums above in. 

Return line vacuum pumps are classified in the method of their per- 
formance as follows: 

a. Those which perform the function of air separation under atmospheric pressure. 

h. Those which perform the function of air separation under a partial vacuum. 

Pumps coming under the first classification will handle vacuum steam 
system condensation coming back by gravity at any temperature up to 
205 F without either the sealing or the hurling water flashing into steam. 
These pumps, to operate under a combined water level and vacuum con- 
trol, must be equipped with a float-control receiver between the vacuum 
pump and the system, but where they are intended for continuous opera- 
tion, they do not require a receiver. Such pumps employ a single vacuum 
producer which removes the condensate and air from the system and 
delivers it into a separating chamber under atmospheric pressure from 
which the condensate is delivered to the boiler or feed water heater. They 
are constructed on one of the following evacuating and discharge principles : 

1. Hydraulic vacuum producer with one pump impeller. 

2. Hydraulic vacuum producer with two pump impellers. 

3. Water displacement vacuum producer with two pump impellers. 

4. Piston displacement vacuum producer with one pump piston. 

The second classification of pumps will handle vacuum steam system 
condensation coming back by gravity at any temperature not exceeding 
190 F without the flashing into steam of either the sealing or the hurling 
water. In order to operate under a combined water-level and vacuum 
control, these pumps must be equipped with a float-control receiver 
between the vacuum pump and the system; where intended for con- 
tinuous operation they do not require a receiver.^ Such pumps employ a 
vacuum producing impeller which removes air from the receiver or 

^See A.S.H.V.E. Standard Code for Testing and Rating return line low vacuum heating pump. 
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heating system under a partial vacuum and delivers it through an air 
separator against atmospheric pressure. The condensate is removed 
from the receiver under a partial vacuum by a separate impeller and is 
delivered to the boiler or feed water heater. For evacuating and dis- 
charge, a water displacement vacuum producer with two pump impellers 
is used. 

Receiver Capacities for Vacuum Pumps 

Where receivers are used in connection with vacuum pumps there is a 
definite relation between the capacity of the receiver and the capacity 
of the pump. The receiver should have a capacity of not less than 13^ 
times the volumetric quantity of condensation per minute and should not 
have such a capacity that the pump will empty the receiver in less than 
half a minute. Receivers of larger capacities will result in less frequent 
periods of operation. 

Piston Displacement Vacuum Pumps 

Piston displacement return-line vacuum heating pumps may be either 
power or steam driven. They should be provided with mechanical 
lubricators and their piston speed in feet per minute should not exceed 
20 times the square root of the number of inches in their stroke. While 
the volumetric displacement for such pumps was formerly figured at 8 to 
10 times the volumetric flow of condensation to be handled, the more 
efficient thermostatic traps used today in connection^ with vacuum 
heating systems make it possible to change this proportion so that the 
volumetric displacement of these pumps may not be less than 6 times the 
volume of condensation. 

Vacuum Pump Controls 

In the ordinary vacuum system the vacuum pump is controlled by a 
vacuum regulator which cuts in when the vacuum drops to the lowest 
point desired and which cuts out when the vacuum has been increased to 
the highest point. This is done largely to eliminate the constant starting 
and stopping of the vacuum pump which would occur if the vacuum were 
maintained constant. In addition to this control, a float control is in- 
cluded which will automatically start the pump whenever sufficient con- 
densation accumulates in the receiver, regardless of the vacuum in the 
system. This arrangement makes the vacuum pump primarily a con- 
densation pump and secondarily an air pump. 

On the sub-atmospheric systems the high vacuum pump is controlled 
by a differential regulator which keeps the vacuum in the return line 
always a few inches higher than that in the steam line and in the radiators. 

TRAPS 

Traps are used for draining the condensate from radiators, steam 
piping systems, kitchen equipment, laundry equipment, hospital equip- 
ment, drying equipment and many other kinds of apparatus. The usual 
functions of a trap are to allow the passage of condensate and to prevent the 
passage of steam. In addition to these functions, traps are frequently 
required to allow the passage of air as well as condensate. Traps are also 
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required to allow the passage of air and to prevent the passage of either 
water or steam, or both. 

In addition, traps are used for returning condensate either by gravity, 
by steam pressure, or by both, to a boiler or other point of disposal, and 
for lifting condensate from a lower to a higher elevation, or for handling 
condensate from a lower to a higher pressure. 

The fundamental principle upon which the operation of practically all 
traps depends is that the pressure within the trap at the time of discharge 
shall be equal to, or slightly in excess of, the pressure against which the 
trap must discharge, including the friction head, velocity head and static 
head on the discharge side of the trap. If the static head is in favor of 
the trap discharge it is a minus quantity and may be deducted from the 
other factors of the discharge head. 

Traps may be classified according to the principle of operation as (1) 
float, (2) bucket, (3) thermostatic, or (4) tilting traps. 

Float Traps. A discharge valve is operated by the rise and fall of a float due to the 
change of water level in the trap. When the trap is empty the float is in its lowest 
position, and the discharge valve is closed. A gage glass indicates the height of water 
in the chamber. 

Unless float traps are well made and proportioned there is danger of considerable 
steam leakage through the discharge valve due to unequal expansion of the valve and 
seat and the sticking of moving parts. The discharge from a float trap is usually con- 
tinuous since the height of the float, and consequently the area of the outlet, is propor- 
tional to the amount of water present. 

Bucket Traps. Bucket traps are of two types, the upright and inverted, and although 
they are both of the open float construction, their operating principle is entirely different. 
In the upright bucket trap, the water of condensation enters the trap and fills the space 
between the bucket and the walls of the trap. This causes the bucket to float and forces 
the valve against its seat, the valve and its stem usually being fastened to the bucket. 
When the water rises above the edges of the bucket it flows into it and causes it to sink, 
thereby withdrawing the valve from its seat. This permits the steam pressure acting 
on the surface of the water in the bucket to force the water to a discharge opening. When 
the bucket is emptied it rises and closes the valve and another cycle begins. The discharge 
from this type of trap is intermittent. 

In the inverted bucket trap, steam floats the inverted submerged bucket and closes the 
valve. Water entering the trap fills the bucket which sinks and through compound 
leverage opens the valve, and the trap discharges. It is impossible to install a water 
gage glass on an inverted bucket trap, but if visual inspection is necessary, a gage glass 
can be placed on the line leading to the trap. No air relief cocks can be used, but this is 
unnecessary, as the elimination of air is automatically taken care of by air passing through 
the vent in the top of the inverted buqket regardless of temperature. 

Thermostatic Traps. Thermostatic traps are of two types, those in which the discharge 
valve is operated by the relative expansion of metals, and those in which the action of 
a volatile liquid is utilized for this purpose. Thermostatic traps of large capacity for 
draining blast coils or very large radiators are called blast traps. 

Tilting Traps. With this type of trap, water enters a bowl and rises until its weight 
overbalances that of a counter-weight, and the bowl sinks to the bottom. As the bowl 
sinks, a valve is opened thus admitting live steam pressure on the surface of the water 
and the trap then discharges. After the water is discharged, the counter- weight sinks 
and raises the bowl, which in turn closes the valve and the cycle begins again. Tilting 
traps are necessarily intermittent in operation. They are not ordinarily equipped with 
glass water gages, as the action of the trap shows when it is filling or emptying. The air 
relief of tilting traps is taken care of by the valves of the trap. 

Thermostatic traps are generally used for draining radiators and 
heaters, except for very large capacities where bucket, float or blast-type 
thermostatic traps are used. Thermostatic traps for this service usually 
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pass both condensate and air and in the case of float and upright bucket 
traps the air is usually relieved through an auxiliary thermostatic trap in 
a by-pass around the main trap. Sometimes this auxiliary air trap is an 
integral part of the trap. 

Blast-type thermostatic traps are sometimes used on vacuum heating 
systems for connecting old one- or two-pipe gravity systems in parallel 
with vacuum return line systems, in which case the blast-type thermo- 
static traps should not be provided with auxiliary air by-pass, as the 
action of this will allow the vacuum to draw air into the old system 
through its air valves, especially when the steam is wholly or partially 



Fig. 20. Method of Discharging High-Pressure Apparatus into Low-Pressure 
Heating Mains and Vacuum Return Mains through 
A Low-Pressure Trap 

cut off. The air from the returns of such old systems should be relieved 
just ahead of the traps by means of quick-venting automatic air valves, 
preferably of the non-return type, especially if the other air valves on 
the old system are non-return valves. 

Tilting traps used for discharging to a higher or a lower pressure are 
provided with two or three valves operated by the action of the trap. 
In the case of the two-valve tilting traps, one valve closes a steam inlet 
and the other valve opens a vent outlet while the trap is filling, and as 
soon as the trap dumps, the first valve opens the steam inlet and the 
second valve closes the vent outlet, while the trap discharges. In this 
type of trap there must be a swinging check-valve on each side of the 
trap, in addition to the usual by-pass, to prevent the pressure in the trap, 
while discharging, from backing up through the inlet and the pressure 
in the discharge line from backing up into the trap while it is filling. This 
type of trap will blow steam out through the vent while filling, if the 
pressure on the inlet side is sufficient, and should not be used, therefore, 
with such pressures unless the vent is properly piped back into the return 
to a feed water heater, a condenser or a perforated pipe in the bottom 
of the receiver to which the trap discharges in such a way as to prevent 
the escape of the steam that comes in with the condensate and passes 
through the vent. In the three-valve traps of this type there is an extra 
valve for closing the discharge while the trap is filling. 

High pressure traps should not discharge directly into a vacuum return 
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because of the vapor formed by the re-evaporation of a part of the hot 
condensation. Fig. 20 shows a method which may be used for disposing of 
the greater part of the vapor of re-evaporation. 

Automatic Return Traps 

In the general heating plant, where thermostatic traps are installed on 
the heating units, it becomes necessary to provide a means for returning 
the water of condensation to the boiler, if a condensation or vacuum pump 
is not used. When the return main can be kept sufficiently high above the 
boiler water line for all operating conditions, the water of condensation 
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will flow back by gravity, and no mechanical device is required. But 
actually this does not work out in practice. It follows, therefore, that a 
direct return trap is needed for the handling of the condensation even 
though it may not be called into action except under some operating 
condition where the pressure differential exceeds the static head provided. 
The installation of a direct return trap assures safety for such systems, 
and guarantees the operation of the plant under varying conditions. 

Automatic return traps, sometimes called alternating receivers, may 
be of the counterbalanced, tilting type, or spring actuated. These consist 
of a small receiver with an internal float, and when the condensate will 
not flow into the boiler under pressure, it will feed into the receiver of the 
trap, and in so doing, raise or tilt the float or mechanism which actuates a 
steam valve automatically. This admits steam to the receiver, at boiler 
pressure, and the equalizing of the pressures which follows allows the 
water to flow into the boiler. Fig. 21 shows a direct return tilting trap 
and receiver properly connected for automatically feeding a boiler from a 
system of returns delivering the condensate to the receiver. 


PROBLEMS IN PRACTICE 


1 • To what main features does the gravity one-pipe steam system owe its 
popularity? 

To its low cost of installation and to its simplicity. 

2 # How many types of common mechanical returns are there and what are 
they? 

Three: (1) the mechanical return trap, (2) the condensation return pump, and (3) 
the vacuum pump. 

S # In the ordinary vacuum system of steam heating, where does the vacuum 
usually exist? 

On the return side of the system only, between the radiator trap and the vacuum pump. 
If the radiator supply valve is closed off, the vacuum may extend back through the 
radiator as far as the supply valve; if an adequate supply of steam is furnished to the 
system, some vacuum may be developed in the steam main, but neither of these can be 
termed normal operation. 

4 • What is the distinction between the open and the closed vapor systems? 

The open vapor system has the return line always open to the atmosphere, while the 
closed vapor system has an automatic device on the air vent so that air once expelled 
from the system through the vent cannot re-enter via this route. 

5 • On a vacuum system, what device must be placed on all drips before they 
enter the vacuum return line? 

A thermostatic drip trap or occasionally, where large volumes of condensation are to be 
handled, a float trap. 

6 • How does the suh-atmospheric system differ in operation from the ordinary 
vacuum system? 

The ordinary vacuum system has pressure in the steam line, and a vacuum produced by 
the vacuum pump in the return line, usually varying between 5 and 10 in. of water. The 
sub-atmospheric system may have either a vacuum or pressure on the steam and return 
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lines, but a constant difference in pressure is maintained between the lines regardless of 
what pressure or vacuum may be carried. The vacuum, which is generally produced 
by condensation in the system under conditions of throttled steam supply, may run 
much higher than in the ordinary vacuum systems. 

7 • What is generally understood by zoning in building steam heating systems? 

Zoning is a term applied to the placing of certain sections of a building on a single 
temperature control instead of having either individual room control or a single tempera- 
ture control governing the whole building. Zones may be horizontal, such as a single 
story, a basement, or an attic, or vertical such as the north side, or the west side. 

8 • Why does the water line in the far end of a wet return in a gravity steam 
system rise higher than the water line in the boiler? 

The friction of the steam flowing through the steam main from the boiler to the far 
end of the system causes a drop in steam pressure at the point where the wet return is 
connected ; consequently, the steam pressure on top of the water in the wet return is less 
than the steam pressure on top of the water in the boiler, so the water in the end of the 
wet return rises until a balanced condition is set up. 

9 • On gravity one-pipe systems as indicated in Fig, 1 and Fig. 3, why is the 
drip on the steam runout connected to wet return? 

Because if it were connected to dry return, the pressure drops to two different points 
would not necessarily be the same and the system would short circuit. 

10 • Why cannot graduated valves be used on a one-pipe system? 

Partial opening of valves would restrict flow to such an extent that the radiator could not 
drain properly and would fill with water. 

11 • What advantage is there to an air valve with a check to prevent the re- 
entrance of expelled air? 

A system equipped with such valves builds up a vacuum and holds the heat longer. 
With proper controls on the boiler, lower radiator temperatures can be maintained in 
mild weather, giving better plant efficiency. 

12 • With a one-pipe steam heating plant designed for a total pressure drop of 

with a check valve on the return, how high must the lowest part of the 
steam main be above the boiler water line? 


Water line difference (JC X 28) 

7 in. 

Flow head required 

3 in. 

Friction head of check valve 

4 in. 

Factor of safety 

6 in. 

Total required 

20 in. 


13 • What are the essentials of a two-pipe closed vapor system? 

Packless graduated valves on radiators; thermostatic return traps on returns and drips; 
an automatic return trap to prevent water from backing out of the boiler. 

14 • Why must the automatic return trap on two-pipe vapor systems be about 
18 in. above the boiler water line? 

That height is necessary to overcome water line difference owing to pressure drop and 
friction in pipe and fittings. 

15 • What is the difference between the systems illustrated in Fig. 10 and 
Fig. 13? 

The risers and the air eliminator in Fig. 13 are vented to atmosphere. 
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16 • What is the difference between a vacuum pump and a condensation return 
pump? 

The vacuum pump produces and maintains a vacuum in the return lines whereas the 
condensation return pump returns the condensation back to the boiler. The relation of 
the boiler to the heating units is such that the condensate will not return by gravity. 

17 • What is the function of a trap? 

The usual function is to allow the passage of condensate and air and to prevent the 
passage of steam. 

18 • Under what conditions is it advisable to use a combination float and 
thermostatic trap? 

Where unusual capacities are required, as on large mains or blast coils. 

19 • Why should the discharge from high pressure traps not go directly into a 
vacuum return main? 

Because of its higher temperature, the high pressure condensate would immediately 
flash into steam in the vacuum main and cause difficulty with the vacuum pump. 

20 • What is the function of the automatic return trap? 

To insure the return of condensate to the boiler when the operating condition is such that 
the boiler pressure exceeds the static head on the returns. 
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PIPING FOR STEAM HEATING 
SYSTEMS 


Flow of Steam in Pipes, Pipe Sizes, Tables for Pipe Sizing, Sizing 
One -Pipe Gravity Air Vent Systems, Two-Pipe Gravity Air Vent 
Systems, Two-Pipe Vapor Systems, Atmospheric Systems, 
Vacuum Systems, Suh -Atmospheric Systems, Orifice Systems, 

High Pressure Steam, Expansion in Steam and Return Lines, 

Piping Connections and Details, Boiler Connections, Hartford 
Return Connection 

T he design of a steam heating system should be considered under four 
headings, namely, (1) the details of the heating units, (2) the arrange- 
ment of the general piping scheme, (3) the details of connections, and (4) 
the sizing of the lines. Items 1 and 2 are covered in Chapters 30 and 3E 
respectively, while this chapter considers the two latter items. 

The functions of piping are to supply the heating units with steam and 
to remove the condensation. In some systems both the air and con- 
densation are removed from the heating units by the return piping. To 
accomplish this effectively, the distribution of the steam should be 
efficient and equitable, without noise, and the returns should be as short 
as possible. When air is handled its escape should be facilitated to the 
utmost since an air-bound system will not heat properly. Condensation 
takes place in a steam system not only in the heating units, but through- 
out the piping system as well, and the returns also condense any steam or 
vapor that may be contained. At the same time part of the condensation 
may flash back into steam when the vacuum or pressure in the return is 
considerably below the steam pressure. 

It is essential that steam piping systems not only distribute steam at 
full load but also at partial loads, as the average winter demand is less 
than half of the demand in most severe outside temperatures. Further- 
more, in heating up rapidly the load on the steam main may exceed the 
maximum operating load even in extreme weather, due to the necessity 
of raising the temperature of the metal in the system to the steam tem- 
perature. This may require more heat than would be emitted from the 
system itself after it once is thoroughly heated. 

STEAM FLOW 

The rate of flow of dry steam or steam with a small amount of water 
flowing in the same direction is in accordance with the general laws of gas 
flow and is a function of the length and diameter of the pipe, the density 
of the steam, and the pressure drop through the pipe. This relationship 
has been established by Babcock in the following formula: 
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P = 0.0000000367 ^ 1 + 


( 1 ) 



where 


P — loss in pressure, pounds per square inch. 
d — inside diameter of pipe, inches. 

L ~ length of pipe, feet. 

D — weight of 1 cu ft of steam. 

W ~ weight of steam flowing per hour, pounds. 


( 2 ) 


Example 1, How much steam will flow per hour through 100 ft of 2-in. pipe if the 
initial pressure is 1.3 lb per square inch and the pressure drop is 1 oz? 

Solution, ^ “ 0.0625 lb; d — 2.067 in. (Table 1, Chapter 34); L = 100 ft; 

D = 0.04038 lb (Table 7, Chapter 1). Substituting these values in Formula 2: 


W - 5220 


V 


>0. 0625 X 0.04038 X 2.067^ 

(‘ + -nlf)™ 


~ 97.2 lb per hour. 


Formula 2 does not allow for entrained water in low-pressure steam, 
condensation in pipe, and roughness in commercial pipe as found in 
practice. 

The latent heat of steam (feg) at atmospheric pressure (Table 7, 
Chapter 1) is 970.2 Btu per pound. Inasmuch as the heat emission of an 
equivalent square foot of heating surface (radiation) is 240 Btu, 1 lb of 


steam at this pressure will supply 


970.2 

240 


or 4.04 sq ft of equivalent heating 


surface. This figure is usually taken as 4 even. In Example 1, the weight 
of steam flowing per hour would therefore supply 4 X 97.2 or 388.8 sq ft 
of equivalent heating surface. 


PIPE SIZES 

The determination of pipe sizes for steam heating depends on the 
following principal factors : 

1 . The initial pressure and the total pressure drop which may be allowed between the 
source of supply and the end of the return system. 

2. The maximum velocity of steam allowable for quiet and dependable operation of 
the system. 

3. The equivalent length of the run from the boiler or source of steam supply to the 
farthest heating unit. 

4. Unusual conditions in the building to be heated. 

Initial Pressure and Pressure Drop 

Theoretically there are several factors to be considered, such as initial 
pressure and pressure required at the end of the line, but it is most im- 
portant that (1) the total pressure drop does not exceed the initial pressure 
of the system ; (2) the pressure drop is not so great as to cause excessive 
velocities; (3) there is a constant initial pressure, except on systems 
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Table 1. Maximum Allowable Capacities of Up-Feed Risers for One-Pipe 

Low Pressure Steam 

Based on A. S. H. V. JS. Research Labor atory Tests 


Pipe Size 
Inches 

1 

Velocity 

Feet Per Second 

1 

pRE.'ssuitE Drop 
OcNCEs 

PER 100 Ft 

Capacity 

1 Sq Ft 

Radiation 

^ Btu per Hour 

Lb 

Steam per Hour 

A 

B 

C 

D 

E 

F 

1 

14.1 

0.68 

45 

10,961 

11.3 

m 

17.6 

0.66 

98 

23,765 

24.5 


20.0 

0.66 

152 

36,860 

38.0 

2 

23.0 

0.57 

288 

69,840 ! 

72.0 

2 }^ 

26.0 

0.54 1 

464 

112,520 j 

116.0 

3 

29.0 

0-48 

799 1 

193,600 

199.8 


31.0 

0.44 

1144 

277,000 

286.0 

4 

32.0 

0.39 

1520 

368,000 

380.0 


INSTRUCTIONS FOR USING TABLE 1 


1. Capacities given in Table 1 should never be exceeded on one-pipe risers. 

2. Capacities are based on M-lh condensation per square foot equivalent radiation and actual diameter 
of standard pipe. 

3. All pipe should be ■well reamed and free from constrictions. Fittings should be up to size. (See 
Tables 4 and 5). 


Specially designed for varying initial pressures, such as the sub-atmos- 
pheric, the orifice, and the vapor systems which normally operate under 
partial vacuums; (4) there is sufficient difference in level, for gravity 
return systems, between the lowest point on the steam main, the heating 
units, and the dry return, when considered in relation to the boiler water 
line. 

All systems should be designed for a low initial pressure and a reason- 
ably small pressure drop for two reasons : first, the present tendency in 
steam heating unmistakably points toward a constant lowering of pres- 
sures even to those below atmospheric; second, a system designed in this 
manner will operate under higher pressures without difficulty. When a 
system designed for a relatively high initial pressure and a relatively high 
pressure drop is operated at a lower pressure, it is likely to be* noisy and 
have poor circulation. 

The total pressure drop should never exceed one-half of the initial 
pressure when condensate is flowing in the same direction as the steam. 
Where the condensate must flow counter to the steam, the governing 
factor is the velocity permissible without interfering with the condensate 
flow. Laboratory experiments limit this to the capacities given in 
Tables 1 and 2 for vertical risers and in Table 3 for horizontal pipes at 
varying grades* 

Maximum Velocity and Reaming 

The capacity of a steam pipe in any part of a steam system depends 
upon the quantity of condensation present, the direction in which the 
condensate is flowing, and the pressure drop in the pipe. Where the 
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Table 2. Maximum Allowable Capacities of Up-Feed Risers for Two-Pipe 

Low Pressure Steam 

Based on A. S. H. V. E, Research Laboratory Tests 


Pipe Size 
Inches 

Velocity 

Feet per Second 

Pressure Drop 
Ounces 

PER 100 Ft 

CiitPACITY 

Sq Ft 
Radiation 

Btu per Hour 

Lb 

Steam per Hour 

A 

B 

C 

D 

E 

F 

% 

20 


40 

9550 

10.0 

1 

23 

1.78 

74 

17,900 

18.45 

1J4' 

27 

1.57 

1 

151 

36,500 

37.65 

m 

30 

1.48 

228 1 

. 

55,200 

57.0 

2 

35 

1.33 “ 

438 

106,100 

109.5 

iVi 

38 

1.16 

678 

164,100 

169.4 

3 

41 

0.95 

1129 

273,500 

282.2 


42 

0.81 

1548 

375,500 

387.0 

4 

43 

0.71 

2042 

495,000 

510.5 


INSTRUCTIONS FOR USING TABLE 2 

1 . The capacities given in this table should never be exceeded on two-pipe risers. 

2. Capacities are based on J-^-lb condensation per square foot equivalent radiation and actual diameter 

of standard pipe. * 

3. AH pipe should be well reamed and free from constrictions. Fittings should be up to size. (See 
Tables 4 and 5.) 


quantity of conciensate is limited and is flowing in the same direction as 
the steam, only the pressure drop need be considered. When the con- 
densate must flow against the steam, even in limited quantity, the ve- 
locity of the steam must not exceed limits above which the disturbance 
between the steam and the counter-flowing water may produce object- 
ionable sounds, such as water hammer, or may result in the retention of 
water in certain parts of the system until the steam flow is reduced 
sufficiently to permit the water to pass. The velocity at which such 
disturbances take place is a function of (1) the pipe size, whether the pipe 
runs horizontally or vertically, (2) the pitch of the pipe if it runs hori- 
zontally, and (3) the quantity of condensate flowing against the steam. 

Two factors of uncertainty always exist in determining the capacity of 
any steam pipe. The first is variation in manufacture, which apparently 
cannot be avoided and which caused an actual difference of 20 per cent in 
the capacity of a 1-in. pipe in experiments carried on at the A.S.H.V.E. 
Research Laboratory (Table 4). The second is the reaming of the ends of 
the pipe after cutting, which, experiments indicate, might reduce the 
capacity of a 1-in. pipe as much as 28.7 per cent (Table 6). All of the 
capacity tables given in this chapter include a factor of safety. However, 
the pipe on which Table 4 is based showed no particular defects or con* 
strictions on the inside, and the factor of safety referred to does not cover 
abnormal defects or constrictions nor does it cover pipe not properly 
reamed. 
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Table 3. Comparative Capacity of Steam Lines at Various Pitches^ 


Pitch of Pipe in Inches per 10 Ft 


Pitch op 
Pipe 

K IN. 

H IN. 

1 

1 IN. 1 

IH IN. 

2 IN, 

3 IN, 

4 IN. 

5 m. 


Sq Ft 

-3 

Sq Ft 


Sq Ft 


Sq Ft 


Sq Ft 


Sq Ft 


SqFt 


SqFt 


Pipe 

Rad. 

Rad. 


Rad. 


Rad. 


Rad. 


Rad, 


Rad. 


Rad. 

4? 

Size 

Based 


Based 

's 

S 

Based 


Based 


Based 


Based 

Based 


Based 


Inches 

on 240 
Btu 


on 240 
Btu 

on 240 
Btu 

S 

on 240 
Btu 

eS 

S 

on 240 
Btu 

3 

on 240 
Btu 

cd 

on 240 
Btu 

C3 

% 

on 240 
Btu 

(A 

S 

Vi. 

25.0 

12 

30.3 

14 

37.3 

18 

40.4 

19 

42.5 

20 

46.1 

21 

47.5 

22 

49.3 

23 

1 

45.8 

12 

52.6 

15 

63.0 

17 

70.0 

20 

75.2 

22 

83.0 

23 

87.9 

25 

90.2 

26 


104.9 

18 

117,2 

20 

133.0 I 

23 

144.5 

25 

154.0 

27 

165.0 

28 

172.6 

29 

178.2 

31 


142.6 

18 

159.0 

21 

181.0 1 

23 

196.5 

25 

209.3 

27 ' 

224.0 

28 

234.8 

30 

242.6 

31 

2 

236.0 

19 

263.5 

20 

299.5 

23 

325.5 

25 

346.5 

27 

371.5 

28 

388.4 

29 

401.1 

30 


aData from A.S.H.V.E. Research Laboratory. 


Equivalent Length of Run 

All tables for the flow of steam in pipes, based on pressure drop, must 
allow for the friction offered by the pipe as well as for the additional 
resistance of the fittings and valves. These resistances generally are 
stated in terms of straight pipe; in other words, a certain fitting will 
produce a drop in pressure equivalent to so many feet of straight run of 
the same size of pipe. Table 6 gives the number of feet of straight pipe 
usually allowed for the more common types of fittings and valves. In all 
pipe sizing tables in this chapter the length of run refers to the equivalent 
length of run as distinguished from the actual length of pipe in feet. The 
length of run is not usually known at the outset; hence it is necessary to 
assume some pipe size at the start. Such an assumption frequently is 
considerably in error and a more common and practical method is to 
assume the length of run and to check this assumption after the pipes are 
sized. For this purpose the length of run usually is taken as double the 
actual length of pipe. 

Table 4. Per Cent Difference in Capacity for Carrying Steam and Condensate 
Due to Variation of Pipe Size and Smoothness^- 


Maximum Condensation, Lb per Hour 


Size of pipe 

% In. 

1 In. 

IMIn. 

iMIn. 

Mipimniri , - - - 

14.00 

24.89 

45.42 

70.50 

Maximum 

15.20 

30.08 

52.08 

82.00 

Per variation . . 

S.6 

20.8 

14.7 

16.3 



aData from American Society of Heating and Ventilating Engineers Research Laboratory. 


Table 5. Effect of Reaming Entrance to One-Inch One-Pipe RisERsa 



Maximum Capacity 

OF Riser 

1 

Per Cent 
Decrease 

R framed entranrf^s _ , 

24.7 lb per hour 
23.9 lb per hour 

22.2 lb per hour 

19.2 lb per hour 
17,6 lb per hour 

0.0 

Rounded entrances...,.-. 

3.2 

Squared entrances 

10.1 

Three wheel cutter 

22.2 

Single wheel cutter 

28.7 



aData from American Society of Heating and Ventilating Engineers Research Laboratory. 
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Table 6. Length in Feet of PiFe to be Added to Actual Length of Run — 
Owing to Fittings — to Obtain Equivalent Length 


Size of Pipe 
Inches 

St'd. Elbow 

Side Outlet 
Tee 

Gate Valve 

Globe Valve 

Angle Valve 

Length in Feet to be Added to Run 

2 

5 

16 

2 

18 

9 


7 

20 

3 

25 

12 

3 

10 

26 

3 

33 

16 

m 

12 

31 

4 

39 

19 

4 

14 

35 

5 

45 

22 

5 

18 

44 

7 

57 

28 

6 

22 

50 

9 

70 

32 

7 

26 

55 

10 

82 

37 

8 

31 

63 

12 

94 

42 

9 

35 

69 

13 

105 

47 

10 

39 

76 

15 

118 

52 

12 

47 

90 

18 

140 

63 

14 

53 

105 

20 

160 

72 


Example of length in 
feet of pipe to be added 
to actual length of run. 


- I32'C>—- 


MBASUFED LEMGm - ISErO^ 
veATE vAim » 5 rol 

EQUIVALENT LENETN » 


t- 


TABLES FOR PIPE SIZING" 

Factors determining the size of a steam pipe and its allowable limit of 
capacity are as follows: 

1. Pipe condensate flowing with steam. 

2. Pipe condensate flowing against steam. 

3. Pipe and radiator condensate flowing with steam. 

4. Pipe and radiator condensate flowing against steam. 

It is apparent that (3) and (4) are practically limited to one-pipe 
systems while (1) and (2) cover all other systems. 

Tables 7 and 8, worked out for determining pipe sizes, have their col- 
umns lettered continuously, Columns A through L being in Table 7, and 
M through EE in Table 8. In the following text, reference made to 
columns will be by letter. The tables are based on the actual inside 
diameters of the pipe and the condensation of 34 lb (4 oz) of steam per 
square foot of equivalent direct radiation^ {abhr&uiated EDF) per hour. 
The drops indicated are drops in pressure per 100 ft of equivalent length 
of run. The pipe is assumed to be well reamed without unusual or notice- 
able defects. 


iPipe size tables in this chapter have been compiled in simplified and condensed form for the convenience 
of the user: at the same time all of the information contained in previous editions of The Guide has been 
retained. Values of pressure drops, formerly expressed in ounces, are now expressed in fractions of a pound. 

’As steam system design has materially changed in recent years so that 240 Btu no longer expresses the 
heat of condensation from a sq^uare foot of radiator surface per hour, and as present day heating units have 
different characteristics from older forms of radiation, it is the purpose of The Guide to gradually eliminate 
the empirical expression square foot of equivalent direct radiation, EDR, and to substitute a logical unit based 
on the Btu. The new terms to express the equivalent of 1000 Btu (Mb), and 1000 Btu per hour (Mbh), 
have been approved by the A.S.H.V.E. 


632 



Chapter 32 — Piping for Steam Heating Systems 


Table 7. Steam Pipe Capacities 

Capacity Expressed in Square Feet of Equivalent Direct Radiation 

(Reference to this table will be by column letter A through L) 

This table is based on pipe size data developed through the research investiga- 
tions of the American Society of Heating and Ventilating Engineers. 


CAPACITIES OF STEAM MAINS AND RISERS 


Special Capacities por 
One-Pepe Ststems Only 


Direction op Condensation Flow in Pipe Line 


Pipe 

Size 

In. 

With the Steam in One-Pipe and Two-Pipe Systems j 

Against the Steam 
Two-Pipe Only 

Supply 

Risers 

Radiator 

Valves 

Radiator 

and 

V32 lb 

1/24 lb 

i/i6 lb 

14. io 

Mlb 

1/2 I h 

and 

or 

or 

or 

or 

or 

or 



Up- 

Feed 

Vertical 

Run- 

outs 


HOz 

HOz 

1 Oz 

2 Oz 

4 Oz 

8 Oz 

Vertical 

Hori- 

Con- 


Drop 

Drop 

Drop 

Drop 

Drop 

Drop 

zontal 


nections 

A 

B 

C 

D 

E 

F 

G 

Ha 

Ic 

J-b 

K 

Lc 

H 



30 





30 


25 



1 

39 

46 

56 

79 

i 111 

157 

56 

26 

45 

20 

20 

IK 

87 

100 

122 

173 

245 

346 

122 

58 

98 

55 

55 


134 

155! 

190 

269 

1 380 

538 

190 

95 

152 

81 

81 

2 

273 

315 

386 

! 546 

1 771 

1,091 

386 

195 

288 

165 

165 

23^ 

449 

5181 

635 

898 

1,270 

1,797 

635 

395 

464 


260 

3 

822 

948 

1,163 

i 1,645 

2,326 

3,289 

1,129 

700 

799 


475 


1,228 

1,419 

1,737 

1 2,457 

3,474 

4,913 

1,548 

1,150 

1,144 


745 

4 

1,738 

2,01ll 

2,457 

3,475 

4,9141 

6,950 

2,042 

1,700 1 

1,520 


1,110 

5 

3,214 

3,7121 

4,546 

6,429 

9,092 1 

12,858 


3,150 : 



2,180 

6 

5,276 

6,094 

7,462 

10,553 

14,924 

21,105 






8 

10,9831 

12,6821 

15,533 

21,967 

31,066! 

43,934 






10 

20,043 

23,144 

28,345 

40,085 

56,689 

80,171 






12 

32,168 

37,145 

45,492 

64,336 

90,985 

128,672 






16 

60,506 

69,671 

84,849 

121,012 

1 

169,698 

242,024 








All Horizontal Mains and Down-Feed Risers 

Up- 

Feed 

Mains 
and Un- 
dripped 

Up. 

Feed 

Radiator 

Con- 

Run- 

outs 

Not 

Dripped 








Risers 

Run- 

outs 

Risers 

nections 


Note . — ^All drops shown are in pounds per 100 ft of equivalent run — based on pipe properly reamed. 
aDo not use Column H for drops of 1/24 or 1/32 lb; substitute Column C or Column B as reQuired. 

bDo not use Column J for drop of 1/32 lb except on sizes 3 in. and over; below 3 in. substitute Column B. 

cOn radiator runouts over 8 ft long increase one pipe size over that shown in Table 7. 

^ S American Socibtt of Heating and Ventilating Engineers 1 Not to be Reprinted With- 
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Table 7 may be used for sizing piping for steam heating systems by 
determining the allowable or desired pressure drop per 100 equivalent 
feet of run and reading from the column for that particular pressure drop. 
This applies to all steam mains on both one-pipe and ^o-pipe systems, 
vapor systems, and vacuum systems. Columns B to G, inclusive, are used 
where the steam and condensation flow in the same direction, while 
Columns H and I are for cases where the steam and condensation flow in 
opposite directions, as in risers and runouts that are not dripped. Columns 
/, K, and L are for one-pipe systems and cover riser, radiator valve, and 
vertical connection sizes, and radiator and runout sizes, all of which are 
based on the critical velocities of the steam to permit the counter flow of 
condensation without noise. 

Sizing of return piping may be done with the aid of Table 8 where pipe 
capacities for wet, dry, and vacuum return lines are shown for the pressure 
drops per 100 ft corresponding to the drops in Table 7. It is customary to 
use the same pressure drop on both the steam and return sides of a system. 
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Example 2. What pressure drop should be used for the steam piping of a system if 
the measured length of the longest run is 500 ft and the initial pressure is not to be over 
2-lb gage? 

Solution, It will be assumed, if the measured lengtn of the longest run is 500 ft, that 
when the allow^ance for fittings is added the equivalent length of run will not exceed 
1,000 ft. Then, with the pressure drop not over one half of the initial pressure, the drop 
■could be 1 lb or less. With a pressure drop of 1 lb and a length of run of 1,000 ft, the 
drop per 100 ft would be lb, while if the total drop were H lb, the drop per 100 ft 
would be 3^0 lb. In the first instance the pipe could be sized according to Column D for 
He lb per 100 ft, and in the second case, the pipe could be sized according to Column C 
for H4 lb. On completion of the sizing, the drop could be checked by taking the longest 
line and actually calculating the equivalent length of run from the pipe sizes determined. 
If the calculated drop is less than that assumed, the pipe size is all right; if it is more, it is 
probable that there are an unusual number of fittings involved, and either the lines must 
he straightened or the column for the next lower drop must be used and the lines resized. 
Ordinarily resizing will be unnecessary. 


ONE-PIPE GRAVITY AIR-VENT SYSTEMS 

One-pipe gravity air- vent systems in which the equivalent length of run 
•does not exceed 200 ft should be sized as follows : 

1. For the steam main and dripped runouts to risers where the steam and condensate 
flow in the same direction, use Ke-lb drop (Column D), 

2. Where the riser runouts are not dripped and the steam and condensation flow in 
■opposite directions, and also in the radiator runouts where the same condition occurs, use 
Column L. 

3. For up-feed steam carrying condensation back from the radiators, use Column J. 

4. For down-feed systems the main risers of which do not carry any radiator con- 
densation, use Column H, 

5. For the radiator valve size and the stub con?iection, use Column K, 

6. For the dry return main, use Column U. 

7. For the wet return main use Column T. 

On systems exceeding an equivalent length of 200 ft, it is suggested that 
the total drop be not over 34 lb. The return piping sizes should correspond 
with the drop used on the steam side of the system. Thus, where H4db 
drop is being used, the steam main and dripped runouts would be sized from 
Column C; radiator runouts and undripped riser runouts from Column L; 
up-feed risers from Column J ; the main riser on a down-feed system from 
Column C (it will be noted that if Column H is used the drop would 
exceed the limit of H4 lb) ; the dry return from Column R; and the wet 
return from Column Q. 

With a 342"lb drop the sizing would be the same as for H4 lb except that 
the steam main and dripped runouts would be sized from Column J5, the 
main riser on a down-feed system from Column jB, the dry return from 
Column 0, and the wet return from Column N. 

Example S. Size the one-pipe gravity steam system shown in Fig. 1 assuming that 
this is all there is to the system or that the riser and run shown involve the longest run 
on the system. 

Solution. The total length of run actually shown is 215 ft. If the equivalent length 
of run is taken at double this, it will amount to 430 ft, and with a total drop of J4 lb 
the drop per 100 ft will be slightly less than He lb. It would be well in this case to use 
H4 lb, and this would result in the theoretical sizes indicated in Table 9, These theo- 
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Table 9. Pipe Sizes for One- Pipe Up-feed System Shown 
IN Fig. 1 


Part of System 

Section 

OP Pipe 

Radiation 
Supplied 
(Sq Ft) 

Theoretical 
Pipe size 
(Inches) 

Practical 
Pipe size 
(Inches) 

Branches to radiators.. 


100 

2 

2 

Branches to radiators.. 


50 


IM 

Riser 

a to & 

200 

2 

2 

Riser 

bto c 

300 

2J4 

234 

Riser 

cto d 

400 


2H 

Riser 

dto e 

500 

3 

3 

Riser 

etof 

600 

3 

3 

Branch to riser 

ftog 

600 

3H 

334 

Supply main 

gto h 

600 

3 

3 

Branch to supply main 

htoj 

600 

2H 

3 

Dry return main 

/to k 

600 

IH 

2 

Wet return main 

ktom 

600 

1 

2 

Wet return main 

7n to n 

600 

1 

2 

Wet return main 

nto p 

‘600 

1 

2 


5' a ^ ^ ^ 


Fig, 1. Riser, Supply 
Main and Return Main 

OF One- Pipe System Source of Supply 





retical sizes, however, should be modified by not using a wet return less than 2 in. while 
the main supply, g-h, if from the uptake of a boiler, should be made the full size of the 
main, or 3 in. Also the portion of the main k-m should be made 2 in. if the wet return 
is made 2 in. 

Notes on Gravity One- Pipe Air- Vent Systems 

1. Radiator runouts over 8 ft long should be increased one pipe size. 

2. Pitch of mains should be not less than ^ in. in 10 ft. 

3. Pitch of horizontal runouts to risers and radiators should not be less than in. 
in 10 ft. 

4. In general, it is not desirable to have a main less than 2 in. The diameter of the 
far end of the supply main should be not less than half its diameter at its largest part. 

5. Supply mains, branches to risers, or risers, should be dripped where necessary. 

TWO-PIPE GRAVITY AIR-VENT SYSTEMS 

The method employed in determining pipe sizes for two-pipe gravity 
air-vent systems is similar to that described for one-pipe systems except 
that the steam mains never carry radiator condensation. The drop 
allowable per 100 ft of equivalent run is obtained by taking the equiva- 
lent length to the farthest radiator as double the actual distance, and 
then dividing the allowable or desired total drop by the number of 
hundreds of feet in the equivalent length. Thus in a system measuring 
400 ft from the boiler to the farthest radiator, the approximate equivalent 
length of run would be 800 ft. With a total drop of lb the drop per 

100 ft would be ~ or lb; therefore, Column D would be used for all 

steam mains where the condensation ,and steam flow in the same direc- 
tion. If a total drop of 34 lb is desired, the drop per 100 ft would be 3^2 lb 
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and Column B would be used. If the total drop were to be 1 lb, the drop 
per 100 ft would be ^ lb and Column E would be used. 

For mains and riser runouts that are not dripped, and for radiator 
runouts where in all three cases the condensation and steam flow in 
opposite directions, Column I should be used, while for the steam risers 
Column H should be used unless the drop per 100 ft is lb or 1^2 lb, 
when Columns B or C should be substituted so as not to exceed the drop 
permitted. 

On an overhead down-feed system the main steam riser should be 
sized by reference to Column iJ, but the down-feed steam risers sup- 
plying the radiators should be sized by the appropriate Columns B through 
G, since the condensation flows downward with the steam through them. 
The riser runouts, if pitched down toward the riser as they should be, are 
sized the same as the steam mains, and the radiator runouts are made the 
same as in an up-feed system. 

In either up-feed or down-feed systems the returns are sized in the 
same manner and on the same pressure drop basis as the steam main ; the 
return mains are taken from Columns 0, R, 27, X, or AA according to the 
drop used for the steam main; and the risers are sized by reading the 
lower part of Table 8 under the column used for the mains. The hori- 
zontal runouts from the riser to the radiator are not usually increased on 
the return lines although there is nothing incorrect in this practice. The 
same notes apply that are given for one-pipe gravity systems. 

TWO-PIPE VAPOR SYSTEMS 

While many manufacturers of patented vapor heating accessories have 
their own schedules for pipe sizing, an inspection of these sizing tables 
indicates that in general as small a drop as possible is recommended. The 
reasons for this are: (1) to have the condensation return to the boiler by 
gravity, (2) to obtain a more uniform distribution of steam throughout 
the system, (3) because with large variation in pressure the value of 
graduated valves on radiators is destroyed. 

For small vapor systems where the equivalent length of run does not 
exceed 200 ft, it is recommended that the main and any runouts to risers 
that may be dripped should be sized from Column D, while riser runouts 
not dripped and radiator runouts should employ Column I. The up-feed 
steam risers should be taken from Column H. On the returns, the risers 
should be sized from Column U (lower portion) and the mains from 
Column U (upper portion). It should again be noted that the pressure 
drop in the steam side of the system is kept the same as on the return side 
except where the flow in the riser is concerned. 

On a down-feed system the main vertical riser should be sized from 
Column jy, but the down-feed risers can be taken from Column D al- 
though it so happens that the values in Columns D and H correspond. 
This will not hold true in larger systems. 

For vapor systems over 200 ft of equivalent length, the drop should not 
exceed ^ lb to lb, if possible. Thus, for a 400 ft equivalent run the 
drop per 100 ft should be not over lb divided by 4, or 34 lb. In this 
case the steam mains would be sized from Column the radiator and 
undripped riser runouts from Column J; the risers from Column B, 
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because Column IT gives a drop in excess of ^2 On a down-feed 
system, Column JB would have to be used for both the main riser and the 
smaller risers feeding the radiators in order not to increase the drop over 

lb. The return risers would be sized from the lower portion of Column 
0 and the dry return main from the upper portion of the same column, 
while any wet returns would be sized from Column N, The same pressure 
drop is applied on both the steam and the return sides of the system. 

Notes on Vapor Systems 

1. Radiator runouts over 8 ft long should be increased one pipe size. 

2. Pitch of mains should be not less than in. in 10 ft. 

3. Pitch of horizontal runouts to risers and radiators should be not less than H in. 
in 10 ft. 

4. In general it is not desirable to have a supply main srnaller than 2 in., and when the 
supply main is 3 in. or over at the boiler or pressure reducing valve it should be not less 
than 2 in. at the far end. 

5. When necessary, supply main, supply risers, or branches to supply risers should be 
dripped separately into a wet return. The drip for a vapor system may be connected 
into the dry return through a thermostatic drip trap. 


VACUUM SYSTEMS 

Vacuum systems are usually employed in large installations and have 
total drops varying from M to lb. Systems where the maximum 
equivalent length does not exceed 200 ft preferably employ the smaller 
pressure drop while systems over 200 ft equivalent length of run more 
frequently go to the higher drop, owing to the relatively greater saving in 
pipe sizes. For example, a system with 1200 ft longest equivalent length 
of run would employ a drop per 100 ft of lb divided by 12, or ^4 lb. 
In this case the steam main would be sized from Column C, and the risers 
also from Column C (Column i? could be used as far as critical velocity is 
concerned but the drop would exceed the limit of 1^4 lb). Riser runouts, 
if dripped, would use Column C but if undripped would use Column I ; 
radiator runouts. Column J; return risers, lower part of Column S\ 
return runouts to radiators, one pipe size larger than the radiator trap 
connections. 

Notes on Vacuum Systems 

1. It is not generally considered good practice to exceed J^-lb drop per 100 ft of 
equivalent run nor to exceed 1 lb total pressure drop in any system. 

2. Radiator runouts over 8 ft long should be increased one pipe size. 

3. Pitch of mains should be not less than 3^ in. in 10 ft. 

4. Pitch of horizontal runouts to risers and radiators should be not less than }/% in. 
in 10 ft. 

5. In general it is not considered desirable to have a supply main smaller than 2 in. 
When the supply main is 3 in. or over, at the boiler or pressure reducing valve, it should 
be not less than 23^ in. at the far end. 

6. When necessary, the supply main, supply riser, or branch to a supply riser should 
be dripped separately through a thermostatic trap into the vacuum return. A connec- 
tion should not be made between the steam and return sides of a vacuum system withoftt 
interposing a thermostatic trap to prevent the steam from entering the return line. 

7. Lifts should be avoided if possible, but when they cannot be eliminated they 
should be made in the manner described in Chapter 31 under Up- Feed Vacuum Systems, 
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ATMOSPHERIC SYSTEMS 

The sizing of the supply and return piping on atmospheric systems is 
practically identical with the sizing used for vacuum systems and the 
same notes apply, except that no lift can be made in the return line. 

SUB-ATMOSPHERIC SYSTEMS 

Any properly pitched, correctly sized vacuum system without a lift 
may be used as a sub-atmospheric system when the proper equipment is 
substituted for the ordinary vacuum pump, traps, and controls. On new 
systems manufacturers usually recommend a drop on the steam line of 
between lb for the total run, and suggest adding 25 ft to the 

total equivalent length of run to insure that the steam gets through to the 
last radiator. 

The same notes apply to these systems as for vacuum systems, except 
that no lifts can be made in the returns. 

ORIFICE SYSTEMS 

The orifice systems can be operated with any piping system suitable 
for vacuum operation, according to experienced designers. Because these 
systems vary considerably in detail, it is advisable to consult the manu- 
facturer of the particular system contemplated for recommendations. 

The same notes apply to these systems as to vacuum systems, except 
that lifts cannot be made in the returns of orifice systems if a vacuum 
pump is used. 

HIGH PRESSURE STEAM 

When steam heating systems are supplied with steam from a high 
pressure plant, one or more pressure-reducing valves are used to bring the 
pressure down to that required by the heating system. It has been con- 
sidered good practice to make the pressure reductions in steps not to 
exceed 50 lb in each case. For example, in reducing from 100-lb gage to 
2-lb gage, two pressure reducing valves would be used, the first reducing 
the pressure from 100-lb gage to 50 lb and the second reducing the pressure 
from 50-lb gage to 2-lb gage. Valves are available that will reduce 100 lb 
in one step, and it is questionable whether two valves are now required 
for initial pressures of 150 lb or less. 

The pressure-reducing valve, or pressure-regulator as it is sometimes 
termed, has ratings which vary 200 to 400 per cent. Some of these 
ratings are based on arbitrary steam velocities through the valve of 
5,000 to 10,000 fpm and it is assumed that the valve when wide open has 
the same area as the pipe on the inlet opening of the valve. It is well 
known that steam flowing through an orifice increases its velocity until 
the pressure on the outlet side is reduced to 58 per cent of the absolute 
pressure on the inlet side, and that with further reduction of pressure on 
the outlet side little change in velocity will be obtained. As practically 
all pressure-reducing valves used for steam heating work lower the steam 
pressure to less than 58 per cent of the inlet pressures, only the maximum 
velocity through such valves need be considered. If it is assumed that 
the valve, when fully open, has an area equal to that of the inlet pipe size, 
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Table 10. Capacities of Pressure-Reducing Valves 


(lOO-LB Gage Down to any Pressure — 52 lb or Less) 


Inlet Nominal 

Pipe Dumeter 
(Inches) 

Pounds Steam 

PER Hour 

AT 100-Ln Gage 

Equivalent Direct 
Radiation Sq Ft 

AT M Lb 

Equivalent Direct 
Radution Sq Ft 

AT Vs Lb 


S66 

3,464 

2,598 

34 

1,576 

6,304 

4,728 

1 

2,459 

9,836 

7,377 

IH 

4,263 

17,052 

12,689 


5,808 

23,232 

17,424 

2 

9,564 

38,256 

28,692 


13,623 

54,492 

40,869 

3 

21,041 

84,104 

63,123 

3J4 

28,213 1 

112,852 

84,039 

4 

36,285 

145,140 

108,855 

5 

56,971 

227,884 

170,913 

6 

82,336 

1 

329,344 

247,008 


Formula: 


where 


A X V X 3600 X 50 
144 X 3.84 


pounds per hour passed by orifice. 


.4 = area of inlet pipe, sQuare inches. 

V — velocity of steam through orifice (approximately 870 fps). 

50 == 70 per cent efficiency of orifice less 20 per cent for factor of safety. 
144 = square inches in 1 sq ft. 

3600 = seconds in one hour. 


3.8 = cubic feet per pound at 100-lb gage. 


that the steam is flowing into a pressure less than 58 per cent of the initial 
pressure, that the orifice efficiency is approximately 70 per cent, and that 
20 per cent more is allowed for a factor of safety, then the pressure 
reducing valves will have the working capacities shown in Table 10. If 
the valve, when fully open, does not give an orifice area equal to that of 
the pipe on the inlet side, then the capacities will be proportional to the 
percentage of opening secured, taking the pipe area as 100 per cent. 

Most exact regulation of pressure on steam heating systems is secured 
from diaphragm-operated valves controlled by a pilot line from the low 
pressure pipe, taken off the low pressure main at least 15 ft from the 
reducing valve. The reducing valves operating on the proportional- 
reduction principle will give a variation of steam pressure on the low 
pressure side if the initial pressure varies between considerable limits. 
The so-called dead-end valve is used for reduced pressures where the line 
has not sufficient condensing capacity at all times to condense the leakage 
that might occur with the ordinary valve. Single-disc valves do not give 
as close regulation as double-disc valves, but the single disc is preferable 
where dead-end valves are necessary, such as on short runs to thermo- 
statically controlled hot water heaters, central fan heating units and 
unit heaters. 

The correct installation (Fig. 2) of a pressure-reducing valve includes 
a pressure-reducing valve with a gate valve on each side, a by-pass con- 
trolled by a globe valve, a pressure gage on the low pressure side, and a 
safety valve on the low pressure main at some point, usually within a 
reasonable distance of the pressure-reducing valve. Pressure-reducing 
valves should have expanded outlets for sizes greater than 2 in. Where 
the steam main is of still larger diameter than the expanded outlet, and in 
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cases where straight valves are used, an increaser is placed close against 
the outlet of the valve to reduce the velocity immediately after passing 
through the valve. Strainers are recommended on the inlets of all 
pressure-reducing valves. A pressure gage may be located on the high- 
pressure line near the valve if desired. 

Owing to the large variation in steam demand on the average heating 
system, it is generally advisable to use two pressure-reducing valves con- 
nected in parallel. One valve should be large enough for the maximum 
load and the other should have a diameter approximately half that of the 
first. The smaller valve can be used most of the time, for it will give 
much better regulation than the larger one on light or normal loads. 


Less trouble from expansion leaks will occur when the bypass 



Fig. 2. Typical Pressure- Reducing Valve Installation 

Control Valves 

Gate valves are recommended in all cases where service demands that 
the valve be either entirely open or entirely closed, but they should never 
be used for throttling. Angle globe valves and straight globe valves 
should be used for throttling, as done on by-passes around pressure 
reducing valves or on by-passes around traps. 

EXPANSION IN STEAM AND RETURN LINES 

Because all steam and return lines expand and contract with changes 
in temperature, provision should be made for such movement. The 
expansion in steam supply pipes is normally taken at 134 to 13 ^ in. per 
100 ft and in return lines at one-half or two-thirds of this amount. It 
may be calculated accurately if the temperature rise and fall can be 
determined with reasonable certainty (Page 586, Chapter 34). The tem- 
perature at the time of erection often has a greater expansion effect on 
piping than the temperature in the building after it has been put into 
service. 

Expansion may be taken care of by any, or all, of three different 
methods, namely, (1) the spring in the pipe including offsets and expan- 
sion bends, (2) the turning of the pipe on its threads and swing joints, and 
(3) the use of expansion joints. 

By the first scheme, which is the most popular method where space 
permits, the pipe is offset, or broken^ around rooms or corners, and is hung 
so that the spring in the pipe at right angles to the expansion movement 
is sufficient to absorb the expansion. If conditions do not lend themselves 
to this treatment, regular expansion bends of the U or offset type may be 
used. In tight places such as pipe tunnels the expansion joint is pre- 
ferable. 
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On riser runouts and radiator runouts the swing joint is used almost 
without exception. On high vertical risers the pipes may be reversed 
every hve to ten stories; that is, the supply is carried over to the adjacent 
return riser location and the return riser is run over to the former supply 
riser location, thus making horizontal offsets in each line. Corrugated 
copper expansion joints also are used on risers but must be made acces- 
sible in case future replacement becomes necessary. 


EXPANSION BENDS 

The calculation of the distance required for offsets and the size of 
expansion bends necessary to absorb a given amount of expansion leads 
into complicated formulae and is a subject of controversy. It seems to 
have been demonstrated, however, that the shape of the bend, the radius 
used, the relative amounts of straight and curved pipe in a bend, and the 



Fitting offset 


i wi 

bend with U bend with U bend V 

2 fittings 


T' 

< 

i 

A+B+C=L 
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3. Measurement of L on Various Pipe Bends 
FOR Absorbing. Expansion 


AND Offsets 


type of bend have little bearing on the amount of expansion for which 
they will safely provide. The size, weight and material of the pipe and the 
length of all of the pipe in the bend, or even in the offset, have a bearing 
on its capacity to absorb expansion without straining the pipe material 
beyond the safe working stress. In Fig. 3 typical pipe bends and offsets 
for absorbing expansion are shown. The lengths L are those which are 
used in determining the stress in the pipe. 

Fig. 4 shows a set of curves for standard weight steel pipe bends from 
which the approximate amount of pipe L (Fig. 3) for each pipe size may 
be determined from the amount of expansion movement that must be 
absorbed. These curves are such that the maximum fiber stress in any 
part of the bend will not be over 16,000 lb per square inch. Since 12,000 
lb per square inch is considered to be a maximum working fiber stress in 
wrought iron pipe, an additional 33 per cent must be added to the 
length of this type of pipe. 

The amount of expansion can be doubled for a bend if the bend is cold 
sprung for one-half of the expansion movement. In other words, if the 
bend is erected with the main pipe cut short one-half of the expected 
expansion and the bend is then sprung open to meet the shortened pipe, 
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Fig. 4, Curves Giving Length L of Bend of Offset Necessary to 
Absorb Expansion (Without Cold Spring) 

the expansion in the main will first allow the bend to go back to its neutral 
point and then will compress the bend an equal distance beyond the 
neutral point, thus securing a doubled capacity. Generally only a portion 
of the cold spring is considered as being effective, owing to the difficulties 
of erecting the bends with sufficient exactitude in the length of the main 
line and the difficulty of cold springing. See additional material on pipe 
expansion in Chapter 34. 

PIPING CONNECTIONS AND DETAILS 

Piping connections may be classified into two groups: first, those 
suitable for any system of steam heating; second, those devised for certain 
systems which cannot be satisfactorily applied to any other type. There 
are also various details that apply to piping on the steam side which 
cannot be used on the returns. An installation that is designed and sized 
correctly and installed with care may be rendered defective by the use of 
improper connections, such as runouts that do not allow for expansion, 
thermostatic traps unprotected from scale, pressure-reducing valves 
without strainers, and lack of drips at required points. 

BOILER CONNECTIONS 

Supply 

Boiler headers and connections have the largest sizes of pipe used in a 
system. Cast-iron, horizontal-type, low pressure heating boilers usually 
have several tapped outlets in the top, the manufacturers recommending 
their use in order to reduce the velocity of the steam in the vertical up- 
takes from the boiler and to permit entrained water to return to the 
boiler instead of being carried over into the steam main where it must be 
cared for by dripping. Steel heating boilers usually are equipped with 
only one steam outlet but many engineers believe that better results are 
obtained by specifying that such boilers have two. The second outlet, 
usually located 3 or 4 ft back of the regular one, reduces the velocity 
5Q per cent in the steam uptake. 

Fig. 5 shows a type of boiler connection that was used for many years 
and one with which some boilers ar^ now piped. The uptakes are carried 
as high as possible, turned horizontally and run out to the side of the 
boiler and then are connected together into the main boiler runout which 
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drops into the top of the boiler header through a boiler stop valve. No 
drips are provided on this type of runout except a very small one which 
is sometimes installed on the boiler side of the stop valve. Fig. 6 shows a 
type of boiler connection which is regarded as superior to that shown in 
Fig. 5 and which is the type illustrated in the system diagrams in Chapter 
31. This type is similar to that shown in Fig. 5 except that the horizontal 
branches from the uptakes are connected into the main boiler runout, and 
the steam is carried toward the rear of the boiler. The branch to the 
building or boiler header is taken off behind the last horizontal boiler con- 
nection. At the rear end of this main runout, a large size drip, or balance 
pipe, is dropped down into the boiler return, or into the top of the Hart- 
ford Loop, which is described in a following paragraph. As a result, any 
water carried over from the boiler follows the direction of steam flow 



Fig. 5. Old Style Standard Boiler Fig. 6. Approved Method of Boiler 
Connections Connections 


toward the rear and is discharged into the rear drip, or balance pipe, 
without being carried over into the system. 

. Return 

Cast-iron boilers are generally provided with return tappings on both 
sides, but steel boilers often are equipped with only one return tapping. 
A boiler with side return tappings will usually have a more effective cir- 
culation if both tappings are used. Check valves generally should not be 
used on the return connection to steam heating boilers beca.use they are 
not always dependable inasmuch as a small piece of scale or dirt lodged 
on the seat will hold the tongue open and make the check useless. These 
valves also offer a certain amount of resistance to the returns coming back 
to the boiler, and in gravity systems will raise the water line in the far 
end of the wet return several inches^. However, if check valves are 
omitted and the steam pressure is raised with the boiler steam valve 
closed, the water in the boiler will be blown out into the return system 
with the accompanying danger of boiler damage. These objections are 
largely overcome with the Hartford return connection. 


•See method of calculating height above water line for gravity one-pipe systems in Chapter 31. 
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Hartford Return Connection 

In order to prevent the boiler from losing its water under any circum- 
stances, the use of the Hartford Connection, or the Underwriters Loop, 
is recommended. Fig. 7 shows this connection for both single boiler and 
two-boiler installations. By balancing the column of water in the loop 
against the steam pressure, the water cannot be blown out of the loop 
whatever the relative pressure conditions in the boiler, steam lines, or 
return lines. This balancing is done by raising the return to approxi- 
mately the normal water line of the boiler, looping it back to the boiler 
inlet and connecting the top of this loop by means of a balance pipe with 
the steam runout from the boiler. It is important that this balance pipe 
be connected into the boiler steam line on the boiler side of all valves. 


rTHESECONNECTlOWS SHOULD &E AS SHOCiT AS PRACTICAL USIWG AS FEW-, 
\TUQMS AS POSSIBLE. THE SIZES SHOULD PBEFECABLY BE NOT 
SMALLER THAW GWEN IN TABLE BELOW. 

GRATE AREA PIPE SIZE 

4 SQ. FEET OR LESS I'A" 

4 SQ FEET TO 15 SQ FEET. 2'A' 

15 SQ FEET OR MORE 4' 



THESE PIPES MAY BE ANY SIZE CONSlOEBEO PROPER FOR FEEDING^ 
BOILERS AND LESS THAN STEAM CONMECTIDUS IN TABLE ABOVE. 

Fig. 7. The Hartford Return Connection 


Theoretically, the top of the loop should be at the normal boiler water 
line but since this installation often causes trouble from water hammer in 
the top of the]^loop, this top is usually made 2 in. below the normal boiler 
water line to keep the horizontal pipe at the top submerged under all 
normal conditions. It is important that this top of the loop be made with 
the shortest possible horizontal pipe, a close nipple being employed. 

Sizing Boiler Connections 

Little authentic information is available on the sizing of boiler runouts 
and steam headers. Although many engineers prefer an enlarged steam 
header to serve as additional steam storage space, there ordinarily is no 
sudden demand for steam in a steam heating system except during the 
heating-up period, at which time a large steam header is a disadvantage 
rather than an advantage. The boiler header may be sized by first com- 
puting the maximum load that must be carried by any portion of the 
header under any conceivable method of operation, and then applying 
the same schedule of pipe sizing to the header as is used on the steam 
mains for the building. The horizontal runouts from the boiler, or boilers, 
may be sized by calculating the heaviest load that will be placed on the 
boiler at any time, and sizing the runout on the same basis as the building 
mains. The difference in size between the vertical uptakes from the 
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boiler and the horizontal main or runout is compensated for by the use of 
reducing ells (Figs. 5 and 6). 

The following example illustrates the sizing of the boiler connections 
shown in Fig. 8. 

Example 4^ Determine the size of boiler steam header and connections (Fig. 8) if 
there are three boilers, two to carry 50 per cent of the load each, and the third to be used 
as a spare. The steam mains are based on J^-lb drop per 100 sq ft of equivalent direct 
radiation (EDR). 

Solution: 


Size of Boiler Header 


When 

Operating 


Load on Various Portions of Header 


Maximum 

ON Boilers 

A 

B 

C 

1 

^ \ 

E 

F 

Load 

Nos, 1 and 2 

6000 

0 

2000 

4000 

3000 

3000 

6000 

Nos. 2 and 3 

6000 

6000 

8000 

2000 

3000 

3000 

8000 

Nos. 3 and 1 

6000 j 

0 

2000 

2000 

3000 

3000 

6000 

Max. Load 

i 6000 

6000 

8000 

4000 

3000 

3000 

8000 


8000 sq ft @ H Ih per 100 ft = 6 in. main. (See Table 7.) 

Size of Boiler Runouts 

The three runouts 

<5i, G% Gz — := 2667 sq ft each @ lb per 100 ft = 4 in, pipe. 

Hi, Ha, Hi ~ 2667 sq ft each ©> H lb per 100 ft = 4 in. pipe* (See Table 7). 

A, A, Jz = 5333 sq ft each @ H lb per 100 ft — 5 in. pipe* (See Table 7) . 

Ki, Ki, Kt — 8000 sq ft each @ M lb per 100 ft = 6 in. pipe* (See Table 7). 

The uptakes from the boiler probably would be 6 in. pipe with a 6 in. X 4 in. reducing 

ell at top. 

Return connections to boilers in gravity systems are made the same 
size as the return main itself. Where the return is split and connected to 


iNote . — ^As Ki, Ki, Kt all carry 8000 sq ft and are 6 in. pipe, the whole runout including Ju Jt and Jt 
would be made 6 in. pipe, also. 


546 





Chapter 32 — Piping for Steam Heating Systems 


two tappings on the same boiler, both connections are made the full size 
of the return line. Where two or more boilers are in use, the return to 
each may be sized to carry the full amount of return for the maximum load 
which that boiler will be required to carry. Where two boilers are used, 
one of them being a spare, the full size of the return main would be 
carried to each boiler, but if three boilers are installed, with one spare, the 
return line to each boiler would require only half of the capacity of the 
entire system, or, if the boiler capacity were more than one-half the entire 
system load, the return would be sized on the basis of the maximum 
boiler capacity. As the return piping around the boiler is usually small 
and short, it should not be sized to the minimum. 

With returns pumped from a vacuum or receiver return pump, the size 
of the line may be calculated from the water rate on the pump discharge 
when it is operating, and the line sized for a very small pressure drop, the 
size being obtained from the Chart for Friction Losses for Various Rates 
of Flow of Water, Fig. 3, Chapter 35. The relative boiler loads should be 
considered, as in the case of gravity return connections. 

Radiator Connections 

Radiator connections are important on account of the number of 
repetitions which occur in every heating installation. They must be 
properly pitched and they must be arranged to allow not only for move- 
ment in the riser but, in frame buildings, for the shrinkage of the building. 
In a three story building this sometimes amounts to 1 in. or more. The 
simplest connection is that for the one-pipe system where only one radia- 
tor connection is necessary. Where the radiator runouts are located on 
the ceiling or under the floor, sufficient space usually is available to make 
a good swing joint with plenty of pitch, but where the runouts must come 
above the floor the vertical space is small and the runouts can project out 
into the room only a short distance. Fig. 9 illustrates two satisfactory 
methods of making runouts on a one-pipe gravity air vent system of 
either the up-feed or down-feed type, the runout below the floor being 
indicated in full lines and the runout above the floor in dotted lines. 
Sometimes it is necessary to set a radiator on pedestals, or to use high 
legs, in order to obtain sufficient vertical distance to accommodate above- 
the-floor runouts. Particular attention must be given to the riser expan- 
sion as it will raise the runout and thereby reduce the pitch. 

Similar connections for a two-pipe system of the gravity air vent type 
are illustrated in Fig. 10 for the old steam type radiator. If the water 
type is used, the supply tapping is at the top instead of at the bottom, the 
runouts otherwise remaining as shown in Fig. 10. A satisfactory type 
of radiator connection for atmospheric, vapor, vacuum, sub-atmos- 
pheric, and orifice systems of both the up-feed and down-feed types is 
shown in Fig. 11. 

While short radiators, not exceeding 8 to 10 sections, may be supplied 
and returned from the same end as indicated in Fig. 12, the top-an- 
bottom-opposite-end method is to be preferred in all cases where it can be 
used. On down-feed systems of the atmospheric, vapor, vacuum, sub- 
atmospheric, and orifice types, the bottom of the supply riser must be 
dripped into the return somewhat as illustrated in Fig. 13. On up-feed 
systems of the vapor and atmospheric types, where radiators in the 
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PLAN 



Fig. 9. Typical One-Pipe Radiator 
Connections (Up-Feed or Down-Feed) 



Fig. 10. Connections to Steam-Type 
Radiator for Two- Pipe Gravity 
System, Up-Feed or Down-Feed 

iVoi<r.—Steam-type radiators should not be used 
on any except gravity one-pipe and gravity two- 
pipe systems. 



Fig. 11. Top and Bottom Opposite End 
Radiator Connections from Up 
or Down-Feed Risers 

Nok , — Suitable for up-feed or down-feed at- 
mospheric. vapor, vacuum, sub-atmospheric and 
orifice systems. 



Fig. 12. Top and Bottom Radiator 
Connections from Up- or Down-Feed 
Risers. (Not to Exceed 8 to 10 
Sections.) 

N'ole . — Suitable for up-feed or down-feed at- 
mospheric, vapor, vacuum, sub-atmospheric, and 
orifice systems. Opposite end connections always 
preferable. 



Fig. 13. Top and Bottom Opposite End 
Radiator Connections with Heel of 
Down-Feed Riser Dripped into 
Dry Return 

IVolc . — Suitable for down-feed only. For at- 
mospheric, vapor, vacuum, sub-atmospheric, and 
orifice systems. 



Fig. 14. Connections to Radiator Hung 
ON Wall 


IVoie. — I'or up-feed with radiators below level 
of steam main. For atmospheric and vapor systems. 
.Not suitable for vacuum, sub-atmospheric, or 
orifice systems. 
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basement are located below the level of the steam main, the drop to the 
radiator is dripped into the wet return and an air line is used to vent the 
return radiator connection into an overhead return line, as illustrated in 
Fig. 14. When the radiator stands on the floor below the main, the drip 
on the steam branch down to the radiator may be omitted if an overhead 
valve, as shown in Fig. 15, is used. This method is also suitable for 
vacuum, sub-atmospheric, and orifice systems. 

Convector Connections 

Convectors often are installed without control valves, a damper being 
used to shut off the flow of air to retard the heat transfer from the con- 
vector even though it is still supplied with steam. The piping connec- 
tions for a convector with the inlet and outlet at the same end are shown 
in Fig. 16. There is no valve on the steam side but there is a thermostatic 
trap on the return. The damper for control is shown immediately above 
the convector. This piping is suitable for atmospheric, vapor, vacuum, 
sub-atmospheric, and orifice systems of the up-feed type. A similar unit 
with connections on opposite ends and suitable for the same systems is 
shown in Fig. 17. This unit has no damper but requires a valve on the 
steam connection for control. When valves must be located so as to be 
accessible from the supply air grille, the arrangement usually takes the 
form indicated in Fig. 18. Convectors with damper control, installed in 
cabinets or under window sills, usually are connected as shown in Fig. 19. 
A convector located in the basement and supplying air to a room on the 
floor above may be piped as pictured in Fig. 20 for all, systems except 
gravity one-pipe or two-pipe systems. 

Vapor systems with heating units in the basement where the returns 
are wet would be treated as in Fig. 21. Similar heating units where a dry 
return is available would be connected as shown in Fig. 22. If the dry 
return were on a vacuum, atmospheric, sub-atmospheric or orifice system, 
the treatment would be identical. 

Pipe Coil Connections 

Pipe coils, unless coupled in a correct manner, often give trouble from 
short circuiting and poor circulation. The method of connecting shown 
in Fig. 23 is suitable for atmospheric, vapor, vacuum, sub-atmospheric, 
and orifice systems. 

Indirect Air Heater Connections 

Heating units for central fan systems have simple connections on the 
steam side. The steam main is carried into the fan room and has a 
single branch tapped off for each row of heating units. Each of these 
main branches is split into as many connections as need be made to each 
row, governed by the number of stacks and the width of the stacks. Each 
stack must have at least one steam connection, and wide stacks are more 
evenly heated with two steam connections, one at each end. 

The piping shown in Fig. 24 is for small stacks and has the steam con- 
nected at only one end. On the return side all of the returns are collected 
together through check valves and are passed through blast traps which 
are connected to the vacuum return or to an atmospheric return. The air 
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WORECT QAaATOO' 



Fig. 22. Typical Piping Connections 
TO Indirect Radiators with 
Dry Return 

Note . — Suitable for atmospheric, vapor, vacuum, 
sub-atmospheric, and orifice systems. 


Full size of tapping - 

Reducing eli 


Thermostatic trap 



To return line 
beyond blast traps 

To blast trap 


Check valve 


Fig. 25. Heating Unit Return Con- 
nection WITH Separate Air Line 


rt! 

SATE VALVE/ 9 


fl SATE VM.VE^ O 



TYPICAL CONNEaiONS TO MANFOUD 
COILS \m\Wk MORE THAN 6 PIPES. 


Fig. 23. Typical Pipe Coil Connections 

Note . — Suitable for up-feed or down-feed. For atmospheric, vapor, vacuum, aub-atmospheric, and 
orifice systems. 


aiASt HEATBZS, 



SUPPLY AND RETURN CONNECTIONS TO BLAST COILS 

For vacuum system usih<3 blast trap on each t« 


Fig. 24, Connections for Heating 
Units of Central Fan Systems 


Fig. 26. Typical Connections to 
Central Fan System Heating 
Units Exceeding 12 Sections 


Note . — Suitable for atmospheric and vacuum Note . — Suitable for vacuum and atmospheric 

systems, systems. 
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from the stacks, in the case illustrated, passes up into a small air line and 
through a thermostatic trap into a line connecting into the return beyond 
the blast trap. It is important to use a nipple the full size of the outlet 
tapping on the stack and to reduce the pipe size to the normal return size 
required, by the use of a reducing ell, as indicated in Fig. 25. 

Where the stacks contain some thirteen or more sections, an auxiliar\^ 
air tapping is made to the lower portion of one of the middle sections, in 
the manner illustrated in Fig. 26, to prevent air collecting at this point. 
Thermostatic control as applied to such heating units in modern practice 



Fig. 27. Typical Piping for Atmospheric and Vacuum Systems with 
Thermostatic Control (Central Fan System) 

consists of a thermostatic valve located in each main branch from the 
steam line so that each valve will open or close a complete row of stacks 
across the entire face of the heating unit. The stack closest to the fresh 
air intake is not usually equipped with a control valve. Steam is fur- 
nished continually to this coil to prevent freezing, and only the supply 
pipe is equipped with a gate valve. In this case no particular attention 
need be paid to the method of connecting the returns, that is, they do not 
need to be connected in parallel with the steam connections but may be 
hooked together in any convenient manner. The arrangement shown in 
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Fig. 27 is satisfactory. A detail of the arrangement where a connection is 
made with a stack is shown in Fig. 28. It is essential to have a check 
valve on each individual stack to prevent reverse flow when the ther- 
mostatic valve in the steam line closes off and a partial vacuum is pro- 
duced in the stack. The end of the steam main also should be dripped as 
indicated in Fig. 27. 

If the separate air line is used as shown in Fig. 24, the blast traps may 
be supplied without thermostatic by-passes but if the piping is arranged 
as shown in Figs. 26 or 27, the blast traps must be supplied with the 
thermostatic by-passes to permit the passage of the air. 


PIPE SIZING FOR INDIRECT HEATING UNITS 


Pipe connections and mains for indirect heating units are sized in a 
manner similar to radiators, but the equivalent direct radiation must be 
ascertained for each row of heating unit stacks and then must be divided 
into the number of stacks constituting that row and into the number of 
connections to each stack, 

Q xmx (^j_~ /e) ^ Q X (A - te) 

55.2 X 240 “220.S 




(3) 


where 

EDR = equivalent direct radiation, square feet. 

Q = volume of air, cubic feet per minute. 

/e = the temperature of the air entering the row of heating units under con- 
sideration, degrees Fahrenheit. 

t\ = the temperature of the air leaving the row of heating units under considera- 
tion, degrees Fahrenheit. 


60 = the number of minutes in one hour. 

55.2 = the number of cubic feet of air heated 1 F by 1 Btu. 
240 = the number of Btu in 1 sq ft of EDR. 


Example 5. Assume that the heating units shown in Fig. 27 are handling 50,000 cfm 
of air and that the rise in the first row is from 0 to 40 F, in the second row from 40 to 
65 F, and in the third row from 65 to 80 F. What is the load in EDR on each supply 
and return connection? 


Solution. 


For row 1, 

_ 50,000 X (40 - 0) 

220.8 

For row 2, 

50,000 X (65 - 40) 

220.8 


For row 3, 

7? - 50 ,000 X (80 - 6 5) 

220.8 


= 9058 sq ft. 
= 5661 sq ft, 
- 3397 sq ft. 


Each row of heating units consists of four stacks and each stack has two connections 
so that the load on each stack and each connection of the stack is as follows: 


Row 

Total Load 
(EDR) 

Stack LoA,Da 
(EDR) 

Connection LoAob 
(EDR) 

1 

9068 

2265 

2265 or 1132 

2 

5661 

1415 

1415 or 708 

3 

3397 

849 

849 or 425 


aOne quarter of total row load. 

bOne half of stack load if two steam connections are made; otherwise, same as stack load. 
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Fig. 28. Heating Unit Return 
Connection without Separate 
Air Line (Central Fan System) 



TO fWO LEKGTH.C - MULUOLV A. 
BV COWSTAWT FOa ANQLt e>. 


Fig. 32. Constants for Determining 
Proper Length of Offset Pipe 



OP Dripping Main Where 
It Rises TO Higher Level 

A’o/^.—Suitable for vapor and atmospheric 
systems. 



Fig. 30. Looping 
Main Around 
Beam 



NXECTAELE METHOD PCef EQED METHOD 


Fig. 33. Acceptable and Preferred 
Methods of Taking Branch 
FROM Main 



Fig. 34. Dirt 
Pocket 
Connection 



Fig. 31. Looping Dry 
Return Main Around 
Opening 


No^e.—Suitabte for any dry return line and any 
return line' carrying air. . 


t-ORY RETUaU 


REDUCING COUPUNG 

Fig. 35. Dripping End op 
Main into Wet Return 

No£0 , — Suitable fori vapor systems. 
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Fig. 36. Dripping End of Main into 
Dry Return. (A Gate Valve is 
Recommended at the Inlet 
Side of the Trap) 



Fig. 37. Dripping Heel of Riser into 
Dry Return. (A Gate Valve is 
Recommended at the Inlet 
Side of the Trap) 


The pipe sizes would then be based on the length of the run and the pressure drop 
desired, as in the case of radiators. It generally is considered desirable to place the in- 
direct heating units on a separate system and not on supply or return lines connected to 
the general heating system. 


DRIPPING 

Any steam main in any type of steam heating system may be dropped 
to a lower level without dripping if the pitch is downward with the steam 
flow. Any steam main in any heating system can be elevated if dripped 
(Fig. 29). Steam mains also may be run over obstructions without a 
change in level if a small pipe is carried below the obstruction to care for 
the condensation (Fig. 30). Return mains may be carried past doorways 
or other obstructions by using the scheme illustrated in Fig. 31 ; in vacuum 
systems it is well to have a gate valve in the air line. 

Offsets in steam and return piping should preferably be made with 
90-deg ells but occasionally fittings of other angles are used, and in such 
cases the length of the diagonal offset will be found as shown in Fig. 32. 

Branches from steam mains in one-pipe gravity steam systems should 
use the preferred connection shown in Fig. 33, but where radiator condensa- 
tion does not flow back into the main the acceptable method shown in the 
same figure may be used. This acceptable method has the advantage of 
giving a perfect swing joint when connected to the vertical riser or radia- 
tor connection, whereas the preferred connection does not give this swing 
without distorting the angle of the pipe. Runouts from the steam main 
are usually made about 5 ft long to provide flexibility for movement in 
the main. 

Dirt pockets, desirable on all systems employing thermostatic traps, 
should be so located as to protect the traps from scale and muck which 
will interfere with their operation. Dirt pockets are usually made 8 in. 
to 12 in. deep and serve as receivers for foreign matter which otherwise 
would be carried into the trap. They are constructed as shown in Fig. 34. 

On vapor systems where the end of the steam main is dripped down 
into the wet return, the air venting at the end of the main is accomplished 
by an air vent passing through a thermostatic trap into the dry return 
line as shown in Fig. 35. On vacuum systems the ends of the steam mains 
are dripped and vented into the return through thermostatic drip traps 
opening into the return line. The same method may be used in atmos- 
pheric systems. The cooling leg (Fig. 36) is for cooling the condensation 
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sufficiently before it reaches the trap so the trap will not be held shut by 
too high a temperature. On down-feed systems of atmospheric, vapor, 
and vacuum types, the bottom of the steam risers are dripped in the 
manner shown in Fig. 37. 


PROBLEMS IN PRACTICE 

1 • What is the equivalent length of run in a steam system? 

It is the length of straight pipe which will have the same friction and pressure drop as a 
shorter length of pipe of the same size with accompanying valves, tees, elbows, and other 
fittings will have, when both pipes are carrying the same amount of steam at the same 
pressure. 

2 • When the size of pipe is still undetermined, what arbitrary percentage is 
usually added to the actual length to obtain the equivalent length? 

Usually 100 per cent; in other words, the actual length is doubled to allow for the added 
drop produced by the valves, tees, elbows, and other fittings. 

3 • What are the major factors to be considered in determining the flow of 
steam in pipes? 

a. The initial steam pressure available and the total pressure drop allowable between the 
source of steam supply and the end of the return system. The pressure drop should 
never exceed one half of the initial pressure. 

b. The maximum steam velocity allowable. When condensate is flowing against the 
steam, the velocity must not be so great as to produce water hammer, or hold up 
water in parts of the system until the steam flow is reduced sufficiently to permit the 
water to pass. The velocity at which disturbances take place depends upon ; 

1. Size of pipe. 

2. Whether pipe is vertical or horizontal. 

3. Pitch or grade of pipe, 

4. Quantity of water flowing against steam. 

c. The equivalent length of run from the source of steam supply to the farthest heating 
unit, with allowance for friction in pipe fittings and valves. 

4 • Name three fundamental considerations in designing the piping system 
for steam heating. 

a. Provision for the distribution of suitable quantities of steam to the various heating 
units. 

b. Provision for the return of condensate from the radiators and piping to the boiler, 

c. Provision of means for expelling air from the radiators and piping. 

5 • Why is the proper reaming of the ends of pipe necessary? 

The capacities of pipes depend upon the free area available for flow. In cutting the pipe 
this area may be restricted by a burr, which may decrease the capacity of a pipe more 
than 25 per cent in the smaller pipe sizes. 

6 • a. What are the major factors to be considered when selecting a pressure 

reducing valve? 

b. How should such valve be installed? 

a. The initial pressure of the steam must be considered along with the desired reduced 
pressure. The connected load to be supplied must be known in square feet of equiva- 
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lent direct radiation or in pounds of steam per hour. For operation with a continuous 
load, a semi-balanced or double seated valve operated by a diaphragm gives good 
results. Where the load is intermittent, as in process work or with thermostatically 
controlled blast heaters, a so-called dead end or single seated valve should be used. 

The pressure reducing valve should be installed in a horizontal line with a gate valve 
on each side, and with a by-pass operated by a valve. The pressure balancing pipe 
from the diaphragm chamber should be connected into the top or side of the low 
pressure main not less than 15 ft from the reducing valve. 

7 • What is the usual expansion allowance and how it is compensated for in 
heating system supply risers? 

The expansion of low pressure steam piping is normally taken as to in. per 100 
ft of pipe. With a five story building a double swing connection between the riser and the 
main will suffice. In buildings between 5 and 10 stories high the riser should be anchored 
near its center and have double swing connections to the main. For taller buildings 
expansion loops or riser offsets are used which are capable of handling a length of riser 
reaching 5 stories in either direction from the joint. The risers are anchored at each 
alternate 5 stories. All radiators must have double swing connections, and those con- 
nected above where the riser is anchored must be given greater pitch to insure their 
having proper grade when the riser is heated. 

8 • Why should all boiler steam supply tappings be used full size? 

In order to operate at low steam velocities so the water in suspension can separate from 
the steam and remain in the boiler. 

9 • What is the Underwriters Loop or the Hartford Connection? 

An arrangement of piping on the returns to low pressure boilers wherein the return line 
is raised up nearly to the water line of the boiler and is then dropped back and con- 
nected to the boiler return inlet; the high point is connected by a balance pipe to the 
steam runout from the boiler on the boiler side of all stop valves. With this loop no 
check valve is required, and water cannot be backed out of the boiler and into the return 
at a point lower than the invert of the pipe at the top of the loop, 

10 • What are the important factors in making radiator connections? 

Connections to radiators should be made as direct as possible, of proper size, with ample 
pitch of piping and allowance for expansion. 

11 • Why should careful attention be given to proper dripping and drainage 
of steam piping? 

The steam mains and risers must be quickly drained of condensate and where necessary 
vented of air in order to obtain a sufficient supply of steam to the radiators. Proper 
drainage is also necessary to insure a noiseless heating system. 

12 • What is the limit of pressure drop usually recommended in a vacuum 
system? 

Not over }4 lb (2 oz) per 100 ft of equivalent run, and not over 1 lb total drop. 

13 • When steam and condensation are flowing in the same direction, what is 
the maximum total pressure drop which should be used? 

The maximum total pressure drop should not exceed one half of the initial steam pressure. 

14 • What does a proper installation of a pressure reducing valve include? 

A strainer in front of the pressure reducing valve; a gate valve in front of the strainer; a 
gate valve after the reducing valve; a bv-pass around the two gate valves, strainer, and 
pressure reducing valve; and a globe valve in the by-pass. Sometimes a safety valve on 
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the low pressure side and pressure gages on both sides are installed. The high pressure 
line should be dripped just before the high pressure steam enters the pressure reducing 
valve assembly, 

15 • Will a pressure reducing valve which is reducing the steam pressure from 
100 lb gage to 50 lb gage pass more or less steam than the same valve when 
reducing the steam pressure from 100 lb gage to 5 lb gage? 

The valve will pass practically the same volume of steam in each case as the velocity of 
steam flowing through an orifice shows no material increase after the reduced absolute 
pressure has fallen to 58 per cent of the initial absolute pressure. Because of its greater 
density, the weight of steam passed will be greater in the case of the reduction to 50 lb 
gage. 
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HOT WATER HEATING SYSTEMS 
AND PIPING 


One-- and Two-Pipe Systems^ Selecting Pipe Sizes, Forced Circu- 
lation, Effect of Variations in Pipe Sizes, Gravity Circulation, 
Mechanical Circulation, Expansion Tanks, Installation Details 

A HOT water heating system is one in which water is the medium by 
which heat is carried through pipes from the boiler to the heating 
units. There are two general types, namely, forced circulation and gravity 
circulation systems. In the former the pressure head maintaining flow is 
produced mechanically, whereas in the latter the pressure head is pro- 
duced by the differences in weight of the water in the flow and in the 
return risers. 

The fundamental rule in the design of a hot water system is that the 
total friction and resistance head in any circuit must equal the pressure 
head causing the water to flow in the same circuit. 

In designing a hot water heating system, it is necessary to determine : 

1. The heat losses of the rooms or spaces to be heated. (See Chapter 7.) 

2. The size and type of boiler. (See Chapter 25.) 

3. The location, type, and size of heating units. (See Chapter 30.) 

4. The method of piping. 

5. Suitable pipe sizes. 

6. The type and size of circulating pump (if forced circulation). 

7. The type and size of expansion tank. 

The unity a square foot of equivalent direct radiation y EDRy has been used 
for many years for rating purposes in both steam and hot water systems, but 
its use, especially in hot water systems, has always resulted in complications 
and confusion. It is the plan of The Guide to eventually eliminate this 
empirical expression and to substitute a logical unit based on the Btu> The 
Mb, the equivalent of 1000 Btu, and the Mbh, the equivalent of 1000 Btu 
per hour, which have been approved by the A.S.H.V.E., are used in this 
chapter on hot water systems to replace the square foot of radiation formerly 
used. 

ONE- AND TWO-PIPE SYSTEMS 

Pipe systems may be divided into two general types, namely, two-pipe 
and one-pipe systems. In a two-pipe system the piping is arranged so that 
the water flows through only one radiator during a circuit through the 
system, so that all radiators are supplied with water at practically the 
same temperature as that in the boiler. In a one-pipe system, the water 
flows through more than one radiator during its circuit. In that case, the 
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first radiator receives the hottest water; the second radiator, somewhat 
cooler water; the third one, still cooler; and so on. As the temperature of 
the water supplied to a radiator is lowered, the size of the radiator must 
be increased and, consequently, the total heating surface for a one-pipe 
system must be greater than that for a two-pipe system for the same 
service. 

Two-pipe systems may be divided into two classes, direct return sys- 
tems (Fig. 1), and reversed return systems (Fig. 2). In a direct return 
system the water returns to the heater by a direct route after it has 
passed through its radiator and, as a result, the paths through the three 
radiators shown in Fig. 1 are of unequal lengths, the path through the 
first radiator being the shortest and that through the third radiator, the 
longest. In a reversed return system, the water returns to the heater by 
an indirect route after it has passed through the radiators, so that the 
paths leading through the three radiators shown in Fig. 2 are practi- 
cally of equal length. 

The reversed return system has an advantage over the direct return 
system in that it is more likely to function satisfactorily even though the 



Fig. 1. A Direct Return System Fig. 2. A Reversed Return System 


pipe system is not accurately designed. For example, if in Fig. 2 all pipes 
are of one size, each of the three radiators will receive approximately the 
same quantity of hot water because the three paths are practically of 
equal length, whereas in Fig, 1, if all pipes are of the same size. Radiator 
1 will receive more water than the others because the path through it is 
shorter than those through the other radiators. As a result. Radiator 1 
will be filled with water at a higher average temperature than the re- 
maining two radiators, and will therefore dissipate more heat. To pre- 
vent this unequal distribution of heat it is necessary to throttle the paths 
through Radiators 1 and 2 so that the friction heads of the three paths are 
equal when each radiator receives its proper quantity of water. 

A comparison of Fig. 1 and Fig. 2 may suggest that a reversed return 
system requires considerably longer mains than a direct return system. 
This is not always the case. For example, note the reversed return 
system of Fig. 3. 

PIPE SIZES 

The pressure heads available in forced circulation systems are much 
larger than those in gravity circulation systems, consequently, higher 
velocities may be used in designing the system, with the result that smaller 
pipes may be selected and the first cost of the installation reduced. As 
the pipes of a heating system are reduced in size, the necessary increase in 
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the velocity of the water increases the cost of operating the circulating 
pump. There is an optimum velocity of the water in a heating system for 
which the sum of the cost of the system and the cost of its operation is a 
minimum. This velocity should be determined by calculation for the 
particular system under consideration. 

Since the velocities in forced circulation systems are higher than those 
in gravity circulation systems, and since the friction heads in a heating 
system vary almost as the squares of the velocities, a given error in the 
calculation or assumption of a velocity is less important in a forced circu- 
lation system than in a gravity circulation system and, consequently, it 


/z” /2.'‘ 



Fig. 3. A Forced Circulation Reversed Return System^ 

aThis system could be divided into two branches. This would permit the use of smaller pipes and woulcf 
produce only slight changes in the total length of the pipe. It is shown as a single system here simply to- 
illustrate the method of determining pipe sizes by means of pipe size tables. Note that the numbers on 
the radiators indicate thousands of Btu per hour (Mbh) and not square feet. 


is easier to design a satisfactory forced circulation system than a satis- 
factory gravity circulation system. 

FORCED CIRCULATION 

The following examples will illustrate the procedure to be followed in 
designing forced circulation systems: 

Example 1. Assume that the paths through the five radiators shown in. Fig. 3 consist 
each of 150 ft of mains, 6 ft of radiator connections, 1 boiler, 1 radiator, 1 radiator valve, 
10 ells, and 2 tees. Design the piping for this system. 

Solution. The friction heads in the boiler, radiator, valve, and tee may be expressed! 
in terms of the friction head in one elbow according to the values given in Table 1. 
Having done this, each of the five circuits is taken as 165 ft of pipe and about 24 elbow 
equivalents. The friction head of one elbow is approximately equivalent to that in a 
pipe having a length equal to 25 diameters. Assuming that the average pipe size in this 
case will be about 1)4. in., one elbow equivalent may be placed equal to about 3 ft of pipe 
and the total length of the circuit equivalent to about 227 ft of pipe. 

Having determined the equivalent pipe length, assume the rate at which the water ifr 
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to be forced through the system. This rate may vary widely. The water may flow 
through the radiator so that it will cool 10 deg or 20 deg or any other reasonable number 
of degrees. In this case, assume a 10-deg drop. Since the system is to dissipate 66,000 
Btu per hour (66 Mbh), the pump must circulate 6600 lb of water per hour or 13.8 gpm 
based on the actual density of water of 7.99 lb per gallon at 215 F. One gallon of water 
per minute at this density will deliver 9600 Btu per hour (9.6 Mbh) with a temperature 
drop of 20 F. 


Table 1. Elbow Equivalents^ 


1 90-deg elbow- 1.0 

1 45-deg elbow 0.7 

1 90-deg long turn elbow 0.5 

1 open return bend 1.0 

1 open gate valve 0.5 

1 open globe valve 12.0 

1 angle radiator valve 2.0 

1 radiator. 3.0 

1 heater.-_ 3.0 

1 tee (Mote^) 


aThe loss of head in one elbow can be expressed in terms of the velocity head by the formula: 


where 


h 


2g 


( 1 ) 


the loss of head in feet, v => the velocity of approach in feet per second, 
and 2g = 64.4 ft per second per second. 


hThe loss of head in tees when water is diverted at right angles through a branch of the tee varies with 
the per cent diverted. When the water diverted is less than 60 per cent of that approaching the tee, the 
loss of head, in elbow equivalents, may be expressed as follows: 


where 



( 2 ) 


= the loss of head in elbow equivalents, tti = the velocity of approach, 
vt = the velocity of water diverted at right angles. 


Values in elbow equivalents for the most common percentages of water diverted in a Ixlxl-in. tee are 
as follows: 


26% 

33% 

loolzzz: 


16.0 

9.0 

4.0 
1.8 


For other percentages the approximate values may be secured by interpolation. When the water is 
diverted from the tee into a smaller size branch, as in a lxlx%-in. tee, approximate values may be secured 
by means of Formula 2. 


The next step in the design is to assume the velocity at which the water is to circulate 
through the system. This also may vary materially. As the velocity is increased, the 
sizes of the pipes and the cost of the system are decreased, but the cost of operating the 
circulating pump is increased. The designing engineer should make a careful study to 
determine the velocity which will produce the most economical installation for the 
particular case in hand. In this case, assume a velocity of about fps for a lJ<C-in. 
pipe. 

Reference to Fig. 4 shows that for a IJi-in. pipe and a velocity of 18 in. per second, 
the friction head is about 100 milinches per foot, or about 2 ft for a circuit of 227 ft, if 
the pipe sizes for that circuit are chosen so that the average friction head is about 
100 milinches per foot of pipe. 

Tlie pipe sizes may now be selected from Fig. 4 by making allowance for the fact that 
Fig. 4 is based on a temperature drop of 20 F and that the system to be designed is to 
have a temperature drop of only 10 F as follows: Sections AB and KA carry 66,000 
Btu per hour (66 Mbh) with a temperature drop of 10 F; if the temperature drop were 
20 F these sections would, with the same velocity and the same friction head, carry 
132,000 Btu per hour (132 Mbh). Hence, refer to Fig. 4 for 132,000 Btu and a unit 
friction head of 100 milinches, and note that the correct size would be about halfway 
between a iK-in, and a 2-in. pipe. Therefore, select a lJ4-in. pipe for Section AB and 
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a 2-in. pipe for Section KA . The pipe sizes for the remaining eight sections and for the 
radiator connections can be selected in the same manner and recorded on the pipe 
diagram as shown. 

The circulating pump for the system should be one which has its highest efficiency 
when it is delivering 13.8 gpm against a head of 2 ft. 

If a number of heating systems are to be designed for similar conditions, 
i,e., for a total friction head of 2 ft and a temperature drop through the 
radiators of 10 F when the maximum quantity of heat is being delivered 
to the building, a table such as Table 2 may be prepared from the data of 
Fig. 4. Having this table, the pipe sizes for the system of Example 1 can 
be easily selected. For example, for Sections BC and JK, each supplying 
54 Mbh, the equivalent pipe length of the system is 227 ft. In the table 
the length shown nearest to this length is 200 ft. In the 200-ft column, 
a 13^-in. pipe is slightly too small and a 2-in. pipe is too large. The 
1 J^-in. pipe will therefore be selected. For Sections CD and IJ, supplying 
42 Mbh, a 1 J^-in. pipe is too small and a l3^-in. pipe is too large, so 134 
will be selected for the flow and 134 in. for the return line. For larger 

Table 2. Capacities of Pipes in Mbh (1000 Btu per Hour) and Velocities of 
Water in Pipes in Inches per Second for Forced Circulation Systems 
with a Total Friction Head of 2 ft and for a Maximum 
Temperature Drop of 10 F^ 


1 

1 ^ 

1 ^ 

1 4 

1 ^ 

i ^ 

i ^ 

1 ® 

1 ^ 

Pipe 

Size 

(Inches) 

Equivalent 

Length 

OP Pipe 
(FebtIj) 

Equivalent Total Length op Pipe in Feet in Longest Circuit 

100 

150 

o 

o 

250 

300 

1 350 

400 

Unit Friction Head, in Milinches 

240 

160 

1-20 

96 

80 

69 

60 


1 


4.8 

4.1 


2.9 

2.6 

Z.4 



15 

12 

10 

! 

9 

8 

7.5 

7 


2 

18.2 

10. 8\ 

8.6 

7.3 

6.2 

6.0 

5.5 



18 

14 

12 

11 

10 

9 

8.5 

1 

2.3 

25.0 

19.2 

16.3 

14.4 

12.5 

12.0 

11.1 



22 

17 

15 

13 

12 

11 

.. , , ... 

10.5 

IM 

3.0 

SS.8\ 

40.8 

34.8 

31.2 

27.8 

26.4 

24.0 



27 

21 

18 

16 

15 

14 

13 


3.5 

79. 2 \ 

60.7 

51.2 

46.6 

40.8 

40.0 

36.0 



30 

23 

20 

18 

16 

15 

14 

2 

4.0 

153.8 

120.0 

104.0 

93.5 

86.4 

81.5 

73.8 



36 

I 

28 

24 

22 

20 

18 

17 


6.0 

250.0 

192.0 

164.5 

149.0 

139.2 

135.8 

122.5 



41 

32 

28 

25 

22 

21 

19 

3 

6.5 

U4.0 

348.0 

294.0 

270.0 

254.0 

240.0 

223.0 



48 

37 

32 

29 

26 

24 

22 


aFor other temperature drops the capacities of pipes are to be changed correspondingly. For example, 
for a temperature drop of 30 F, the capacities shown in this table are to be multiplied by 3. The velocities 
remain unchanged, 

^Approximate length of pipe in feet equivalent to one elbow in friction head. This value varies with the 
velocity. 


564 




Chapter 33 — Hot Water Heating Systems and Piping 


systems, it will be economical to operate with higher friction heads, and 
tables may be prepared similar to Tables 3 and 4, which are based on 
total friction heads of 6 and 18 ft, respectively. 

Example 2. Design a direct return two-pipe forced circulation system for the layout 
shown in Fig. 5. For this system the length of the pipe line from the boiler to the 
highest radiator on the farthest riser and back to the boiler is about 250 ft. There are 
about 16 elbow equivalents having an equivalent pipe length of about 50 ft, so the total 
equivalent pipe length is about 300 ft. 

Solution, The same pipe size tables may be used as those developed for the reversed 
return system of Fig. 3. Since this system is somewhat larger than that shown in Fig. 3, 
Table 3 which provides for a friction head of 6 ft may be used instead of Table 2 which 
provides for a friction head of only 2 ft. 

Referring to the column for an equivalent total length of 300 ft for Sections AB and 
KA, each supplying 117.6 Mbh, it will be found that a 1 pipe is too small and a 2-in. 
pipe is too large. Consequently, a l}^-in. pipe is selected for the flow line AB, and a 
2-in. pipe for the return line KA. For Sections BC and JK, each supplying 88 Mbh, a 
1 J^-in. pipe is only slightly too small and it is selected. The remaining pipe sizes are 
selected in a similar manner and recorded in Fig. 5. For a temperature drop of 10 F, 
24.5 gpm of water must be circulated. The pump to select is one which has its highest 
efficiency when it is delivering 24.5 gpm against a 6'ft head. 

Table 3. Capacities of Pipes in Mbh (1000 Bxtr per Hour) and Velocities of 
Water in Pipes in Inches per Second for Forced Circulation Systems 
WITH a Total Friction Head of 6 ft and for a Maximum 
Temperature Drop of 10 F^ 


1 1 2 1 

3 1 

4 

5 

6 

7 1 

8 

Pipe 

Size 

(Inches) 

Equivalent 

Length 

OF Pipe 

(FEETb) 

Equivalent Total Length of Pipe in Feet in Longest Circuit 

200 

300 

400 1 

600 

800 

1000 

’ Unit Friction Head, in Milinches 

360 

240 

180 

120 

90 

72 

M 

1 

18 

6.0 

15 

5.0 

13 

3.8 

10 

' 34 

9 

3.1 

7.5 

V4, 

2 

15.8 

22 

12.7 

18 

10.8 

16 

8.4- 

12 

7.7 

11 

6.7 

9 

1 

2.5 

30.0 

27 

2J^.O 

22 

20.4 

19 

15.8 

15 

13,9 

13 

19.6 

m 

3.3 

6J,.8 

33 

ffS.6 

26 

44-4 

23 

33.6 

18 

30.0 

16 

96.8 

14 


4.0 

96,0 

37 

76.8 

31 

64.8 

26 

50.1 

20 

U-r 

18 

40.8 

15 

2 

5.0 

192.0 

44 

15S.0 

36 

130.0 

30 

100.1 

24 

90.0 

21 

78.0 

18 

2^ 

6.0 

300.0 

50 

2U’0 

41 

206.0 

35 

161.0 

26 

m.o 

24 

130.0 

21 

3 

7.5 

550.0 

58 

436.0 

48 

368.0 

42 

287.0 

32 

249.0 

27 

228.0 

24 


aFor other temperature drops the capacities of pipes are to be changed correspondingly. For example, 
for a temperature drop of 30 F, the capacities shown in this table are to be multiplied by 3. The velocities 
remain unchanged. 

hApproximate length of pipe in feet eauivalent to one elbow in friction head. This value varies with 
the velocity. 
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To secure a correct distribution of hot water among the several risers it is necessary, 
as previously stated, to introduce special resistances to balance the several risers, as 
follows: 

The first riser is 80 ft nearer the boiler than the fifth riser. In order that the two may 
be balanced, i.e.y that they may operate under equal pressure heads, resistance must be 
added to the first riser equal to the friction head in the 80 ft of flow main from B to F 
plus that in the 80 ft of return main from G to K. 

It will be noted from Table 3 that the unit friction head is about 240 milinches per 
foot. The total friction head in the flow and return mains between the first and fifth 
risers is therefore 160 X 240 or 38,400 milinches, or a little more than 3 ft, which must be 
supplied by additional resistance in the first riser to prevent its having an advantage 
over the fifth riser. 

This resistance can be supplied by a calibrated and adjusted modulating valve or by 
an orifice resistor in a union. If the orifice resistor is to be used, its size may be selected 
from Table 5 as follows: 

The lower part of the first flow riser supplies 28.8 Mbh. According to Table 3, it 
should be a 1-in, pipe and would have a velocity of 22 in. per second, if it were supplying 
24 Mbh. Since it is supplying 28.8 Mbh, the velocity will be about 26 in. per second. 
From Table 5 it will be found that for a 1-in. pipe and a velocity of 24 in. per second, an 
0.45-in. orifice will produce a loss of head of 37,000 milinches. For a velocity of 26 in. 
per second, the loss of head will be somewhat more, probably about 43,000 milinches; the 

Table 4. Capacities of Pipes in Mbh (1000 Btu per Hour) and Velocities of 
Water in Pipes in Inches per Second for Forced Circulation Systems 
WITH A Total Friction Head of 18 ft and for a Maximum 
Temperature Drop of 10 F^ 


1 

2 

3 

1 ^ 

1 5 

1 

7 

Pipe 

Sizes 

(Inches) 

Eqxuvalbnt 
Linoth 
or Pipe 
(FBBT b) 

1 Equivalent Total Length op Pipe in Feet in Longest Circuit 

200 

1 400 

600 

800 1 1000 

1 Unit Friction HeaiJ, in Milinches 

1080 

540 

360 

270 

216 


1.0 

12.7 

32 

8.6 

23 

7.2 

18 

6.2 

15 

5.5 

13 

% 

2.0 

27.5 

40 

18.7 

28 

16.1 

22 

13.7 

19 

11.6 

17 

1 

2.5 

65.0 

48 

36.8 

34 

30.0 

27 

96.4 

23 

22.6 

20 

IK 

3.0 

122.0 

59 

81.5 

42 

68.0 

33 

58.3 

28 

60.5 

25 

IH 

4.0 

m.o 

66 

122.0 

46 

98.2 

37 

86.2 

31 

74 .^ 

27 

2 

5.0 

S71,0 

80 

sss.o 

56 

m.o 

45 

180.0 

38 

151.0 

33 

2J4 

7.0 

' 598.0 

91 

407.0 

65 

1 S2S.0 

51 

, .. 

287.0 

43 

240.0 

38 

3 

9.0 

1110.0 

107 

790.0 

76 

598.0 

60 

597.0 

51 

44 s . 0 

44 


ttFor other temperature drops the capacities of pipes are to be changed correspondingly. For example, 
for a temperature drop of 30 F, the capacities shown in this table are to be multiplied by 3. The velocities 
remain unchanged. 

bApproximate length of pipe in feet equivalent to one elbow in friction head. This value varies with 
the velocity. 
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difference between it and the required resistance will be about 10 per cent, which is per- 
missible, and the 0.45-in. orifice is selected. 

The sizes of the orifice resistors for the second, third, and fourth risers are selected in 
a similar manner and found to be 0.45 in., 0.50 in., and 0.55 in., respectively. 

If the design of the system of Fig. 5 is to be extremely refined, the 
gravity pressure heads produced by the risers should be taken into con- 
sideration. With water at 220 F and 210 F, respectively, in the risers, the 
gravity head is 50 milinches per foot of water column or 25 milinches per 
foot of flow and return pipe. The pump pressure head in this case is 240 
milinches per foot of pipe, and the gravity head, being only one tenth as 
large as the pump head, may be neglected without serious error. This is 
generally done. 

Temperatures of 220 F and 210 F would be used only during the coldest 


3A' V/ W 



weather for which the system is designed. At other times the tempera- 
tures would be lower, the temperature drop smaller, and the gravity heads 
smaller. The pump pressure head remains constant throughout the 
season if the pump is operated at a constant speed and, consequently, the 
gravity head is generally less than one-tenth of the pump head. 

Effect of Variations in Pipe Sizes 

The pipe sizes for the several parts of the system selected from the 
tables are only approximately correct but the resulting error should be 
negligible as may be seen from the following study. Assume, as an 
extreme case, that the error in pipe size is so large that the water flows 
twice as fast through one of the radiators as through the others. This 
would make the friction head through this radiator almost four times as 
large as those through the other radiators. The result would be that the 
water, in flowing through the radiator, would cool 6 F instead of 10 F. 
The mean water temperature in the radiator would then be 217)4 F in- 
stead of 215 F, and the mean temperature difference, water to air, would 
be 147)4 F instead of 145 F. The heat dissipated by the radiator would 
therefore be about 2 per cent more than calculated. It is evident that 
this difference in heat dissipation is smaller than the difference between 
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Table 5. Friction Heads (in Milinches) of Central Circltlar 
Diaphragm Orifices in Unions 


Dumbter 

OP 

Orifices 

(Inches) 


Velocity of Water in Pipe in Inches per Second 


2 


4 

6 

8 

10 

12 


^-in. Pipe 


0.25 

1300 

2900 

5000 

11,300 

20,800 

32,000 

45,000 




0.30 

650 

1450 

2500 

5700 

10,400 

16,000 

23,000 

57,000 



0.35 

330 

740 

1300 

2900 

5200 

8000 

12,000 

26,000 

47,000 


0.40 

170 

380 

660 

1500 

2600 

4000 

6800 

13,000 

24,000 

53,000 

0.45 


185 

330 

740 

1300 

2000 

2900 

6500 

12,000 

27,000 

0.50 



155 

350 

620 

970 

1400 

3200 

5700 

13,000 

0.55 



75 

170 

300 

480 

700 

1600 

2800 

6400 


1-in. Pipe 


0.35 

900 

2000 

3500 

7800 

14,000 

22,000 

32,000 

i 



0.40 

460 

1000 

1800 

4000 

7200 

12,000 

17,000 

37,000 

65,000 


0.45 

270 

570 

1000 

2300 

4100 

6400 

9300 

21,000 

37,000 


0.50 

160 

330 

580 

1400 

2300 

3700 

5400 

12,000 

22,000 

50,000 

0.55 


190 

330 

750 

1300 

2200 

3000 

7000 

13,000 

28,000 

0.60 



200 

440 

800 

1300 

1800 

4200 

7400 

17,000 

0.65 



120 

260 

460 

720 

1100 

2400 

4300 

10,000 


l }/ i - in . Pipe 


0.45 

1000 

2250 

4000 

8900 

16,000 

25,000 

36,000 




0.50 

660 

1450 

2600 

5800 

10,400 

16,400 

23,000 

53,000 



0.55 

430 

950 

1700 

3800 

6800 

10,500 

15,000 

34,000 

60,000 


0.60 

280 

630 

1100 

2500 

4400 

6900 

10,000 

22,000 

40,000 


0.65 

190 

420 

750 

1700 

3000 

4700 

67 Q 0 

15,000 

27,000 

60,000 

0.70 


285 

510 

1150 

2000 

3100 

4500 

10,000 

18,000 

40,000 

0.75 


190 

330 

750 

1300 

2100 

3000 

6700 

12,000 

26,000 


l}/^-in. Pipe 


0.55 

850 

1900 

3300 

7400 

13,000 

21,000 

30,000 




0.60 

600 

1300 

2300 

5400 

8600 

16,800 

21,000 

50,000 



0.65 

400 

850 

ISOO 

3600 

7200 

10,400 

14,000 

30,000 

53,000 


0.70 

260 

600 

1100 

2600 

4400 

7000 

10,000 

21,000 

39,000 


0.75 

180 

400 

760 

1800 

3000 

5000 

7000 

14,000 

28,000 


0.80 


300 

540 

1200 

2200 

3200 

5000 

10,200 

19,000 

45,000 

0.85 


200 

380 

860 

1600 

2300 

3000 

7800 

13,000 

30,000 


2-in. Pipe 


0.70 

890 

1850 

3500 

7400 

14,000 

22,300 

33,000 




0.80 

470 

975 

1800 

3900 

7400 

11,700 

17,000 

37,000 



0.90 

2 SS 

560 

1000 

2200 

4200 

6500 

9500 

20,500 

38,000 


1,00 

160 

340 

610 

1320 

2520 

4000 

5800 

12,500 

23,000 

49,000 

1.10 


214 

375 

850 

1600 

2500 

3700 

7900 

14,000 

30,000 

1.20 



195 

460 

950 

1360 

1910 

4200 

8100 

16,800 

1.30 




275 

525 

980 

1375 

3100 

4400 

8850 


Note . — The losses of head for the orifices in the and 2-in. pipe were calculated from those in*the 

smaller pipes, the calculations being based on the assumption that, for any given velocity, the loss of head 
is a function of the ratio of the diameter of the pipe to that of the orifice. This had been found to be 
practically true in the testa to determine the losses of head in orifices in 1-in., and IJ^-in. pipe, con- 

ducted by the Texas Engineering Experiment Station, and also in the tests to determine the losses of head 
in orifices in 4-in., 6-in., and 12-in. pipe, conducted by the Engineering Experiment Station of the University 
of Illinois, (Bwi/fi/in 109, Table 6, p. 38, Davis and Jordan). 
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the calculated heat losses and the actual heat losses, and also smaller than 
the average difference between the calculated radiator sizes and the 
nearest stock sizes selected. 

GRAVITY CIRCULATION 

For gravity circulation, the one-pipe system shown in Fig, 6 and the 
two-pipe direct return system shown in Fig. 7 are probably in most 
common use. 

The one-pipe system has the disadvantage that the radiator nearest the 



Fig. 6. A One- Pipe Gravity Circulation System 



Fig. 7. A Two-Pipe Direct Return Gravity Circulation System 

boiler is the only one which receives water at approximately the tem- 
perature at which it leaves the boiler. All other radiators receive cooler 
water and must be proportionally increased in size, so the total heating 
surface in the system is considerably larger than that in a corresponding 
two-pipe system. 

The pipe sizes in gravity circulation systems may be varied. As the 
pipe sizes are decreased, the temperature drop through the radiators, 
which produces circulation, is increased and it becomes necessary to 
increase the temperature of the water leaving the boiler so that the mean 
temperature in the radiator remains constant. For example, Fig. 8 shows 
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diagrammatically an elementary heating system which will function with 
either IH-in. or 1-in. pipe. The radiator is required to deliver 27 Mbh, 
and the circuit consists of 30 ft of pipe and 20 elbow equivalents. 

If 134-in. pipe is used, the system will operate correctly if the water 
temperatures in the flow and return risers are 200 F and 180 F, respectively. 
The mean water temperature in the radiators will then be 190 F^ and, 
if the radiator is located in air having a temperature of 70 F, the size of 
the radiator must be sufficient to deliver 27 Mbh under these conditions. 

If 1-in. pipe is used, the system will function correctly with water tem- 
peratures in the flow and return risers of 210 F and 170 F, or of 200 F 
and 160 F. In the first case, the mean water temperature is again 190 F 
and the same size radiator may be used as with the pipe, but the 

temperature of the water leaving the boiler must be raised from 200 F to 
210 F. In the second case, the temperature of the water leaving the 
boiler is the same as for the 134 -ffi* pip^* but the mean water temperature 



Fig. 8. An ElIementary System 

in the radiator is lowered from 190 F to 180 F, and theoretically the size 
of the radiator should be increased about 12J4 c^nt to deliver the 
required 27 Mbh (See Table 3, Chapter 6, 1933 Guide). 

This indicates the extent to which pipe sizes and radiator sizes may be 
decreased by increasing the temperatures of the water in the boiler, as is 
possible in closed systems and in open systems in which the open 
expansion tank is located sufficiently high to secure a pressure in the 
boiler equal to that existing in the boiler of the closed system. 

Example 3. Design a one-pipe gravity circulation system for the layout shown in 
Fig. 6. Assume that the main circuit consists of 150 ft of pipe, 7 elbows, and one boiler. 

Solution. Replace the boiler by 3 elbow equivalents and assume that the size of the 
main will be about 2 in. According to Table 6, Column 2, a 2-in. elbow is equivalent to 
4 ft of pipe, and the total equivalent length of the main will be about 150 plus 40, or 
190 ft. Assuming^ that the center of the boiler will be about 4 ft lower than the horizontal 
portion of the main and that the temperature drop in the system is to be 35 F, Table 6 
may be used to determine the size of the mains. Note from Column 8, for a 200-ft 
length, that a 2-in. main will supply 48 Mbh and a 2)^-in. 'main, 75.4 Mbh. Since the 
system to be designed is to supply 66 Mbh, a 2-in. pipe is too small and a 2H-in. pipe 
too large. The solution is to use some 2-in. and some 2H-in. pipe. Since the is 

nearer the correct size than the 2-in., select 2-in. pipe for the first 50 or 60 ft out of the 
boiler and 2J^-in. for the remaining pipe back to the boiler. 

Tables 7 and 8 may be used to design the radiator risers and connections. According 
to Table 7, for 12 Mbh the flow riser should be % in. and the return riser 1 in., and the 
riser branches should be 1 in. and 134 in., respectively. Note that according to Table 8, 
both radiator tappings should be 1 in. To simplify the construction, select 1-in. flow 
risers with 1-in. riser branches and 1-in. radiator tappings. Also select 134-in. return 
risers with 1 J4-in. riser branches, and 134-in. radiator tappings. Similarly, for 18 Mbh, 
select 1 34 -in. flow and return risers and riser branches, and 1 34 -in. radiator tappings. 
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Table 6. Capacities of Mains in Mhh, for One-Pipe and for Two-Pipe Direct 
Return Gravity Circulation Systems with a Total Friction Head 
OF 0.6 In., a Temperature Drop of 35 F, when the Mains 
ARE 4 Ft Above the Center of the Boiler 


1 


3 1 

4 1 

5 1 

6 1 

' 1 

8 

9 

10 1 

11 

Pipe 

Size 

(Inches) 

1 

Equivalent 

Length 

OP Pipe 
(Feeta) 

Equivalent Total Length op Pipe in Feet in Longest Cibcuit 

75 1 

100 1 

125 1 

ISO 

175 1 

200 

250 1 

300 1 

350 

1 Unit Friction Head, in Milinches 

8.0 

6.0 

4.8 

4.0 

3.4 

3.0 

2.4 

2.0 

1.7 

iM 

3.0 

43.0 

37.5 

33.0 

30.0 

37.0 

35.0 

33.3 

so.s] 

18.7 

2 

4.0 

83.0 

73.0 

63.0 

57.0 

51.0 

48.0 

43.0 

38.0 

. 

35.0 

234 

4.5 

140.0 

115.0\ 

100.0 

90.0 

81.5 

75.4 

67.3 

61. o\ 

56.0 

3 

5.0 

334.0 

304.0 

175.5 

160.0 

143.0 

133.0 

110.0 

107.5\ 

100.0 

3}^ 

5.5 

347.0 

300.0 

360.0 

336.0 

314.0 

300.0 

177.0 

160.0 

146.0 

4 

6.0 

490.0 

433.0 

370.0 

334.0 

397.0 

378.0 

348.0 

333.0 

S05.0 


aApproximate length of pipe in feet equivalent to one elbow in friction head. This value varies with 
the velocity. 


To develop a rule for determining radiator sizes, assume a system 
similar to that of Fig. 6, in which the total temperature drop is to be 35 F 
and which is equipped with 7 radiators, all radiators dissipating equal 
quantities of heat. The mean temperature of the water in the radiators 
will be reduced 5 F for each successive radiator. If the mean tempera- 
ture of the water in the first radiator is 200 F, the mean temperature of the 

Table 7. Maximum Capacities of Risers^ in Mbh, and Velocities of Water in 
Pipes in Inches Per Second for One-Pipe and for Two-Pipe Direct 
Return Gravity Circulation Systems with a Drop of 
35 F Through Each Radiator 


Pipe Size (Inches) 

Equivalent Length 

OF Pipe (Fbbtc) 

1 

1st FLOORb 

1 

2nd Floor 

3rd and 4th Floors 

Flow 

Return 

Mbh 

1 Vel. (In. perSec.)<lj 

Mhh 

Mhh 

Flow 

Return 


3^ 

. 1.0 




6 

6.3 

3^ 

M 





6.4 

8.0 

% 

H 

1.5 

9 

2.3 

2.3 

10.1 

14-0 

H 

1 


i 13 

3.2 

2.0 

13.8 

17.1 

1 

1 

2.0 

18 

2.5 

2.5 

30 \ 

36.0 

1 

IH 


31 

3.0 

2.0 

35.3 

34 


IH 

3.0 

36 

3.0 

3.0 

43 

55 

IM 

13^ 


$4 

4.0 

2.5 




13^ 

3.5 

48 

3.0 

3.0 




«This table is based on pressure heads of 450, 1800, 3150, and 4500, respectively, for the first, second, 
third, and fourth floor radiators, and on friction heads of 200 milinches for the first floor radiators and con- 
nections, and 700 milinches for all other radiators and their connections. 

bThe riser branches, the piping which connects the risers to the mains, are to be one size larger than the 
risers. ... 

oApproximate length of pipes in feet equivalent to one elbow in friction head. This value vanes with 
the velocity. 

dVelocities apply to the riser branches. 
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■water in the seventh radiator will be 170 F, and, according to Table 3, 
Chapter 6, of the 1933 Guide, the heat dissipation of these two radiators 
will be to each other as 868 is to 617, or as 140 is to 100, and therefore if 
the last radiator is to dissipate as much heat as the first, its size must be 
40 per cent larger. 

Example 4. Design a two-pipe, direct return, gravity circulation system for the lay- 
out shown in Fig. 7. Assume that the main circuit from the boiler to the farthest flow 
riser and from the farthest return riser back to the boiler consists of 160 ft of pipe, 
6 elbows, and 1 boiler. 

Solution. Replacing the boiler by 3 elbow equivalents and assuming that the largest 
size of the main will be about 3 in., the total equivalent length of the main will be 160 
plus 45, or 205 ft. Assuming that the center of the boiler will be about 4 ft lower than the 
horizontal portion of the main, and that the temperature drop will be 35 F for the 
system, the pressure head caused by the difference in weight between the water in the 


Table 8. Maximum Capacities of Radiator Connections in Mbh, for One-Pipe 
AND FOR Two-Pipe Direct Return Gravity Circulation Systems with 
A Temperature Drop of 35 F Through Each Radiator 


Pipe Size 

Equivalent Length 

OP Pipe (FsETa) 

1st Floor 

2nd, 3rd, and 4th Floors 

Flow 

Return 

Mhh 

Mhh 

34 

34 

1.0 

4-1 

5.9 




5.2 

7.5 

Yi 


1.5 

7.0 

10.5 

Vi 

1 1 


9.1 

13.0 

1 

1 

2.0 

12.5 

17.8 

1 

m 


17.5 

23.2 

IK 

134 

3.0 

23.3 

33.2 


aApproximate length of pipe in feet equivalent to one elbow in friction head. This value varies with 
'the velocity. 


flow and return risers joining the mains to the boiler will be about 0.6 in. of water, or 
about one-fortieth of the pressure head produced by the circulating pump selected for the 
system of Fig. 3. 

Table 6 may be used to determine the size of the main as follows: Refer to Column 8 
and note that for Sections AB and lA, which supply 105.6 Mbh, a 3-in. pipe is too large 
and a pipe is too small; hence, select 2)4. in. for Section AB and 3 in. for Section 

lA. For Sections BC and HI, which supply 76.8 Mbh, a 2J^-in. pipe is almost exactly 
the correct size and is selected for both sections. 

For the forced circulation system of Fig. 5, the pressure head produced by the circu- 
lating pump is used to force the water through the mains and also through the risers. 
Gravity circulation systems have two distinct pressure heads. One is produced by the 
difference in weight of the water in the flow and return risers adjacent to the boiler, and 
is the boiler pressure head, which in this case is 0.6 in. The otl^er pressure head is pro- 
duced by the difference in weight of the water in the flow and return risers adjacent to 
the radiators, and is the radiator pressure head. If the temperature drop through the 
radiators is about 36 F, and if the story heights of the building are 9 ft and the distance 
from the center of the first floor radiator to the average level of the main is 3 ft, the 
radiator pressure head of the first floor radiator is about 450 milinches and the pressure 
heads of the radiators on the upper floor are 1350 milinches greater than those on the 
next lower floors. 

Tables 6 and 7 are based on the assumption that the boiler pressure head must be 
-equal to the friction head in the mains, and that the several radiator pressure heads must 
be equal to the respective radiator and riser friction heads. 

To design the radiator risers, use Table 7 and begin with the set nearest the boiler. 
The first floor risers must supply 28.8 Mbh. According to the table, iM-in. flow and 
return risers will supply 26.0 Mbh; if the return riser is increased to 1)4 in., the capacity 
will be increased to 34.0 Mbh, This is considerably larger than necessary, and lM“in. 
flow and return risers are selected. However, it must be remembered that the riser 
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branches, which are the connections from the flow and return mains to the flow and 
return risers, are to be one size larger than the risers. 

The second floor risers must supply 19.2 Mbh. According to the table, the capacity 
of 1-in. flow and return risers is 20.0 Mbh, and that size is selected. 

The third floor risers must supply 9.6 Mbh. If a 3^-in. flow and a M-in. return riser 
are used, the capacity will be 8.0 Mbh; if both risers are ^ in., the capacity will be 
14.0 Mbh. The H^in. pipe is selected for both risers. 

To design the radiator connections, use Table 8 and note that for the first floor 
radiator connections the capacity of a M-H. flow and 1-in. return is 9.1 Mbh, and that of 
a 1-in. flow and a 1-in. return is 12.5 Mbh. The former is more nearly the correct size, 
but since it is difficult to secure a good flow through first floor radiators, the 1-in. flow 
and return connection is selected. For the two upper floors, the capacity of a ^-in. flow 
and return connection is 10.5 Mbh, and that size is used. 

As explained in the design of the forced circulation system of Fig. 5,. 
the two-pipe direct return system of Fig. 7 will not function correctly 
unless its four sets of risers are balanced among themselves. This neces- 
sary balancing is accomplished by adding resistances to all risers, except 
the one farthest from the boiler, equal to the excess boiler pressure heads- 
available for those risers above the boiler pressure head available for the 
farthest riser. For example, the first set of risers is 60 ft nearer the boiler 
than the last set. Since the flow and return mains are designed for a 
friction head of 3 milinches per foot (See Table 6, Column 8), the boiler 
pressure head available for the first set of risers is 360 milinches in excess 
of that available for the fourth set. The velocity in the riser branch is 
3 in. per second (See Table 7) and, therefore, according to Table 5, an 
0.65-in. orifice in a union should be used. This will provide a 

resistance’ of about 420 milinches. In the same manner it is found that 
for the second set of risers a resistance of 240 milinches is required and 
that an 0.70-in. orifice in a union will provide a resistance of 286 

milinches. For the third set of risers, a resistance of 120 milinches is 
required and an 0.60-in. orifice in a 1-in. union will provide sufficient 
resistance. 

MECHANICAL CIRCULATION 

Circulating pumps for hot water systems may be used to provide the 
motive head for forced circulation systems as already described, or to 
improve the operation of gravity-designed systems. Small specially- 
designed centrifugal pumps installed on a by-pass with the necessary gate 
or check valves near the point where the return main enters the heater 
maybe employed. Specially-designed, electrically-driven, propeller-type 
circulating pumps or units may also be employed. The latter are usu- 
ally installed directly in the return main and are available for all com- 
mercial pipe sizes used for hot water heating. The motor switch may be 
under manual control, automatic control using thermostatic elements, 
or tied in with the oil or gas burner switch which starts and stops the 
burner. For large capacities these units may be installed in multiple. 

For exceptionally large installations such as central heating plants, cir- 
culating pumps of the centrifugal single stage type, having an average 
operating efficiency of 70 per cent against heads up to 125 ft, are some- 
-times used. It is generally advisable to install the pumps in duplicate to 
provide for contingencies and to insure continuous operation- In such 
cases each pump may be made equal to two-thirds of the maximum 
capacity required. 
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EXPANSION TANKS 

When water at ordinary temperatures is heated or cooled, its volume is 
increased or decreased. This variation in the volume of the water in a 
heating system is generally provided for by means of an expansion tank 
into which the water can flow from the system during the heating-up 
periods and from which it can flow back into the system during the 
cooling-down periods. 

The expansion tank may be open or closed. In an open expansion tank 
(Fig. 9), the water is subjected to atmospheric pressure and can expand 
freely without a material increase in pressure. In a closed expansion 
tank (Fig. 10), the water is subjected to the pressure of the compressed air 
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within the tank, and as the water expands, the volume of the air in the 
tank is decreased and its pressure increased. 

The open expansion tank must be placed at a sufficient elevation above 
the highest radiator to prevent boiling when the water in that radiator is 
at the highest temperature to which it is to be heated. For example, if 
the water is to be heated to 225 F on extremely cold days, the absolute 
pressure on the water in the highest radiator must be at least 19 lb per 
square inch. This pressure will be secured if the open expansion tank is 
located 15 ft above the highest radiator. If a closed expansion tank is 
used and is located 30 ft below the highest radiator, an absolute pressure 
of about 32 lb per square inch must be maintained in the expansion tank 
if the water in the highest radiator is to be heated to 225 F without danger 
of boiling. 

The type of expansion tank used in a heating system, whether open or 
closed, has no influence on the operation of the system. The only function 
performed by the expansion tank is to provide for the variation in the 
volume of the water in the system, and at the same time to maintain a 
sufficient pressure in the system to prevent boiling when the water is at 
the highest temperature for which the system is designed. The use of an 
expansion tank may be dispensed with when the heating system is 
allowed to float on the water system, i.e,, when the connection between 
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the heating system and the water system is kept open so that the water 
system replaces the expansion tank. 

The capacity of the expansion tank should be at least twice the in- 
crease in volume produced when the water in the system is heated from 
its normal to its maximum temperature. When 25 gal of water are heated 
from 40 F to 200 F, the volume of water increases to 26 gal. A safe rule, 
therefore, is to make the water capacity of the expansion tank equal to 
10 per cent of the capacity of the heating system. 

In a forced circulation system, the expansion tank should be connected 
to the return main near the circulating pump. In a gravity circulation 
system, the expansion tank should be connected to the flow riser so that 
air liberated from the water in the boiler may escape through the ex- 
pansion tank, except where it is desired to maintain a temperature higher 
than 212 F, in which case the connection should be in the return main to 
prevent possible boiling in the expansion tank. 

The expansion tank should be protected so that the water in the tank 
or in the connecting pipe lines cannot freeze. If such water should freeze 
and the water in the system be heated to cause further expansion, the 
resulting force will burst the boiler or some other portion of the system. 

INSTALLATION DETAILS 

The detailed installation of the pipe system should be governed by 
four fundamental rules: 

1. All piping must be pitched either up or down so that all gases which are liberated 
from the water can move freely to a vented section of the system. Whenever practicable, 
the pipe line should be pitched so that gases flowing to a vent will flow in the same direc- 
tion as the water. When a pipe system cannot be installed without creating air pockets, 
that is, sections in the system from which liberated gases cannot escape, such sections 
must be provided with automatic air relief valves or with air valves which may be 
operated manually when necessary. 

2. All piping must be arranged so that the entire system can be drained, either to 
permit alterations or repairs, or to prevent freezing if the system is not to be operated 
during a cold period. 

It is well to install a gate valve and union in every riser near the main to permit the 
draining of individual risers without draining the entire system. It is also well, in large 
installations, to divide the system into branches and to provide each branch with unions 
and valves so that any one branch can be drained without disturbing the remaining 
ones. 

The dividing of large heating systems into branches or zones and providing each zone 
with individual valves has the further advantage of permitting a varying temperature 
control. For example, if a building is equipped with a forced circulating system and if 
the south rooms are on one branch of the main and the north rooms are on a separate 
branch, the valves may be set so that the water will circulate through the north branch 
with a temperature drop of, say, 10 F, and through the south branch with a tempera- 
ture drop of, say, 20 F, thus delivering less heat to the south rooms than to the north 
rooms. This arrangement is especially valuable when the regulating valves are controlled 
thermostatically by the temperatures in the two zones, because no matter how accurately 
the heating system may have been designed, the heat demand of any group of rooms 
varies with sunshine and with wind velocity, and th^ intermittent variations can be 
provided for only by the individual control made possible by changing the valve settings 
controlling the heat supplied to particular groups of rooms. 

3. All piping must be installed so that it is free to expand and contract with changes of 
temperature without producing undue stresses in the pipes or connections. For this 
purpose it is generally sufficient to allow for a variation in length of 1 in. for 100 ft of pipe. 

575 



American Society of Heating and Ventilating Engineers Guide, 1935 


4. The pipe system must be installed so that each circuit has its correct friction head. 
To bring this about, it is necessary in some cases to minimize the friction, i.e,, to make 
the pipe line as short as possible and to provide as few fittings as possible; and in other 
cases it is necessary to increase the length of tho pipe and the number of fittings so that, 
for every circuit, the friction head will be equal to the available pressure head. 

The connections from the boiler to the mains should be short and direct, to reduce the 
friction head. It is frequently possible to avoid an elbow and to reduce the length of the 
pipe by running the pipe in a diagonal direction, either in a horizontal or in a vertical 
plane. 

The mains and branches should pitch up and away from the heater, generally not 
less than 1 in. in 10 ft. The flow main should always be covered; the return main should 
be covered except where it is to provide the heating surface for the basement. 

The connections from mains to branches and to risers should be such that circulation 
through the risers will start in the right direction. Hence, in a one-pipe system the flow 
connection must be nearer the heater than the return connection. In a correctly- 
designed two-pipe system, the pressure in the flow main is higher than that in the return 



Fig. 11. Method of Connecting Radiator 
TO Allow for Expansion of Pipe 


main, and a slight variation in the distances of the flow and return connections from the 
heater is not material; but it is generally best to have the two connections about equally 
distant from the heater. 

In some cases it may be advisable to take the flow connection off the top of the main 
and the return connection from the side, but in most cases both connections should be at 
an angle of 45 deg. This method shortens the lines and substitutes 45-deg ells for 
90-deg ells. 

Preferably, connection of the flow riser to a radiator should be to the upper tapping, 
and connection of the return riser to a radiator should be to the lower tapping. When 
hot water enters at the top of a radiator it will distribute itself along the entire length of 
the radiator, and as it cools it will settle gradually to the bottom; the cool water may 
then be taken out of the radiator at either end. 

With forced circulation and high velocities, it is advisable to let the water enter at the 
top of the radiator and leave at the bottom of the opposite end. With gravity circulation 
and low velocities it makes little difference whether the water leaves at the end at which 
it enters or at the opposite end. 

The connections of the risers to the radiators should be such that provision is made for 
the vertical expansion of the risers. This can be accomplished as indicated in Fig. 11 by 
using one tee and two ells for each connection. These connections should be pitched 
upward or downward, whichever may be necessary to prevent the formation of air 
pockets and to permit draining. 
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PROBLEMS IN PRACTICE 

1 • What causes the circulation of water in hot water heating systems? 

In gravity systems, circulation is caused by the difference between the weight of the cool 
water in the return riser and that of the hot water in the flow riser. 

In forced circulation systems, circulation is produced primarily by a pump, and second- 
arily by the difference in the weights of the water in the return and flow risers. However, 
the secondary effect is so small when compared with that of the circulating pump that 
it may be neglected in most cases. 

2 • What tends to prevent or to retard the circulation of water in hot water 
heating systems? 

In both gravity flow and forced circulation systems, the friction which must be overcome 
when the water is flowing through pipes, fittings, valves, heaters, and radiators tends to 
prevent or retard circulation. For a given pipe the friction varies approximately as the 
1.7 power of the velocity, and for given fittings, valves, heaters, and radiators, the friction 
varies approximately as the square of the velocity. It is therefore sufficiently accurate 
to express the friction in fittings, valves, heaters, and radiators in terms of the friction 
in one standard elbow, as shown in Table 1. 

3 • In the elementary heating system. Fig. 8, what is the pressure head main- 
taining the circulation if the water in the return riser is at 180 F and that in 
the flow riser is at 200 F? 

It is found, from Table 8, Chapter 1, that 180 F water weighs 60.61 lb per cu ft and 200 F 
water weighs 60.13 lb per cu ft. The pressure head is independent of the size of the 
pipe. If the two risers were each 1 ft square, the water in the flow riser would weigh 
601.3 lb and that in the return riser would weigh 606.1 lb. Thus the water in the return 
riser would weigh 4.8 lb more than that in the flow riser. Consequently, the resulting 
pressure head is 4.8 lb per square foot. 

Pressure heads are generally expressed in feet, or inches, or milinches of water of a given 
temperature. In this case we are dealing with water at both 180 F and 200 F, so the 
pressure head is expressed in terms of 190 F water. Such water weighs 60.39 lb per cu ft, 
and to secure a pressure of 4.8 lb per square foot, it is necessary to have a column of 
water having a weight of 4.8 divided by 60.39 — 0.0795 ft, or 0.9540 in., or 954 milinches. 
This is the pressure head which maintains the circulation. 

4 • In the elementary system of Question 3, if the radiator dissipates 14,000 
Btu per hour, what is the velocity of the water in the pipe line, if the pipes are 
1 in. in diameter? What, if they are % in. in diameter? 

Since the temperature drop through the radiator is from 200 F to 180 F or 20 F, every 
pound of water flowing through the radiators delivers 20 Btu; consequently, 14,000 
divided by 20 = 700 lb of water, or for 190 F water, 700 divided by 60.39 — 11.59 cu ft 
of water must flow through the radiator and through the pipe lines every hour. 

The interior area of a 1-in. pipe is 0.864 sq in. The velocity in the 1-in. pipe is 11.59 
divided by 0.864 and multiplied by 144 = 1932 ft per hour or 6.44 in. per second. 

For J<i“in. pipe, the interior area is 0.533, and the velocity is 6.44 multiplied by 0,864 
and divided by 533 — 10.44 in. per second. 

5 • If, in the elementary heating system of Question 3, a 1-in. pipe line is 
used, what would be the friction head? 

If the radiator is connected as shown in Fig. 11, with the heater connected to provide 
freedom of expansion, the heating circuit may be assumed to consist of a heater, 25 ft of 
pipe, 8 elbows, 1 radiator valve, and 1 radiator. From Table 1 it appears that the heater 
and radiator are equivalent, in friction, to 6 elbows; hence, the circuit may be placed 
equal to 25 ft of pipe and 14 elbows. 

From the diagram of Fig. 4 it appears that the friction head for a 1-in. pipe and a velocity 
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of 6.44 in. per second is about 25 milinches per foot. For 25 ft of pipe, the friction head 
will be 625 milinches. 

. . . 

It appears from Table 1 that the friction head in one elbow is - 7 ^- , or m this case 0.54 

multiplied by 0.54 and divided by 64.4 = 0.0045 ft or 54 milinches. ^ Hence, for the 14 
elbows the friction is 756 milinches. For the entire circuit, the friction head is the sum 
of the 625 milinches of the pipe plus the 756 milinches of the elbows, or 1381 milinches 
which equal 1.381 in. 

6 • If the elementary heating system of Question 3 is installed with a 1-in. 
pipe line, how will it function? 

It is found from the answer to Question 3 that the pressure head is 954 milinches and 
from the answer to Question 5 that the friction head is 1381 milinches when the water is 
flowing with such velocity that the specified 14,000 Btu will be delivered with a 20 F 
temperature drop through the radiators. Since the pressure head is smaller than the 
friction head, the system will not function as planned for the water will flow through the 
system more slowly and remain in the radiator longer. The temperature drop through 
the radiator will be more than 20 F, and the difference in the weight of the water in the 
return and flow risers will be greater than that intended. The final result will be that the 
pressure head will become equal to the friction head at a value somewhere between 
954 and 1381 milinches. Since the average water temperature in the radiator will be 
less than 190 F, the radiator should be larger than the size given in Question 4. 

7 • Should a hot water heating system be designed to embody small pipes or 
large pipes? 

As pipe sizes in gravity circulation heating are reduced, the friction head is increased' 
and it is necessary to increase the temperature drop through radiators; this lowers the 
average temperature of the water in the radiators and necessitates an increase in the 
size of the radiators, so whereas the cost of the pipe in a system is reduced, the cost of the 
radiators is increased. For each installation there is a definite pipe size which entails 
maximum economy. 

As pipe sizes in forced circulation systems are reduced, friction heads are increased so a 
circulating pump of greater size or capacity is required. Thus, by decreasing the size of 
the piping, both the first cost of the circulating pump and the cost of its operation are 
increased. There is a definite pipe size for every installation which is most economical. 
For each installation of both types of systems there is a definite pipe size entailing maxi- 
mum economy which can be determined by a series of comparative calculations. 

8 • What should be the size of the radiators for the elementary heating system 
of Question 3 in which the water enters the radiator with a temperature of 
200 F and leaves with a temperature of 180 F? The average temperature of the 
water in the radiator is, approximately, 190 F. 

If test results are available for the particular radiators to be used, and for the tempera- 
tures named, the size of the radiators should be selected from them. If no such test 
results are to be had, but if test results are available for the type of radiator to be used 
when it is supplied with 215 F steam and placed in a 70 F room, the required size may be 
determined by the following ratio: The required size is to the corresponding steam 
radiator size as (215 — 70)^-® is to (190 — 70)^*®. This ratio works out to 1.28. Hence, 
the radiators should be 28 per cent larger under the conditions prescribed than are cor- 
responding radiators under standard conditions. It is immaterial whether a radiator is 
filled with steam or with water, as long as the average temperature of its outer surface 
is the same in both cases. 
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Chapter 34 


PIPE, FITTINGS, WEEDING 


Pipe Material^ Types of Pipe Used, Dimensions of Pipe Com- 
mercially Available, Expansion and Flexibility of Pipe, Pipe 
Threads and Hangers, Types of Fittings, Welding as Applied to 
Erection of Piping, Valves, Corrosion of Piping 


I MPORTANT considerations in the selection and installation of pipe 
and fittings for heating, ventilating, and air conditioning work are 
dealt with in this chapter. 


MATERIALS 

Use of corrosion-resistant materials for pipe, including special alloy 
steels and irons, wrought-iron, copper and brass, has increased con- 
siderably during the past few years. The recent development of copper, 
brass, and bronze fittings which can be assembled by soldering or sweating 
permits the use of thin-wall pipe and thereby has reduced the initial cost 
of such installation. The following brief discussion indicates the variety 
of pipe materials and the types of pipe available. 

Wrought-Steel Pipe. Because of its low price, the great bulk of wrought 
pipe used for heating and ventilating work at the present time is of 
wrought steel. The material used for steel pipe is a mild steel made by 
the acid-bessemer, the open-hearth, or the electric-furnace process. 
Ordinary wrought-steel pipe is made either by shaping sheets of metal 
into cylindrical form and welding the edges together, or by forming or 
drawing from a solid billet. The former is known as welded pipe, the 
latter as seamless pipe. 

Many types of welded pipe are available, although the smaller sizes 
most frequently used in heating and ventilating work are made by the 
lap-weld or butt-weld process. While the lap-weld process produces a 
better weld than the butt type, lap-weld pipe is seldom manufactured in 
nominal pipe sizes less than 2 in. Seamless pipe can be obtained in the 
small sizes at a somewhat higher cost. 

Seamless steel pipe is frequently used for high pressure work or where 
pipe is desired for close coiling, cold bending, or other forming operation. 
Its advantages are its somewhat greater strength which permits use of a 
thinner wall and, in the small sizes, its freedom from the occasional 
tendency of welded pipe to split at the weld when bent. 

Wrought-Iron Pipe. Wrought-iron pipe is considered to be more corro- 
sion-resisting than ordinary steel pipe and therefore its somewhat higher 
first cost can be justified on the basis of longer life expectancy. Wrought- 
iron pipe may be identified by the spiral line marked into each length, 
either knurled into the metal or painted on it in red or other bright color. 
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Otherwise, there is little difference in the appearance of wrought-iron and 
steel pipe, although microscopic examination of polished and etched 
specimens will readily disclose the difference. 

Cast Ferrous Pipe, There are now available several types of cast 
ferrous-metal pipe made of a good grade of cast-iron with or without 
additions of nickel, chromium, or other alloy. This pipe is available in 
sizes from 1 in. to 6 in., and in standard lengths of 5 or 6 ft with external 
and internal diameters closely approximating those of extra-strong 
wrought pipe. Cast ferrous pipe may be obtained coupled, bevelled for 
welding, or with ends plain or grooved for the several types of couplings. 
It is easily cut and threaded as well as welded. The fact that it is readily 
welded enables the manufacturers to supply the pipe in any lengths 
practicable for handling. 

Alloy Metal Pipe. Steel pipe bearing a small alloy of copper or other 
alloying element, such as molybdenum or manganese, has been claimed 
to possess more resistance to corrosion than plain steel pipe and it is 
advertised and sold under various trade names. 

Copper Pipe and Fittings, Owing to its inherent resistance to cor- 
rosion, copper and brass pipe have always been used in heating, venti- 
lating, and water supply installations, but the cost with standard dimen- 
sions for threaded connections has been high. The recent introduction 
of fittings which permit erection by soldering or sweating allows the use 
of pipe with thinner walls than are possible with threaded connections, 
thereby reducing the cost of installations. 

The initial cost of brass and copper pipe installations generally runs 
higher than the corresponding job with steel pipe and screwed connections 
in spite of the use of thin-wall pipe, but the corrosive nature of the fluid 
conveyed or the inaccessibility of some of the piping may warrant use of 
a more expensive material than plain steel. The advantages of corrosion- 
resisting pipe and fittings should be weighed against the correspondingly 
higher initial cost. 


DIMENSIONS 

The IPS dimensions of commercial pipe universally used at the present 
time conform to the recommendations made by a Committee of the 
A,S,M.E. in 1886. Pipe up to 12 in. in diameter is made in certain 
definite sizes designated by nominal internal diameter which is somewhat 
different from the actual internal diameter, depending on the wall thick- 
ness required. There are three weights of wrought-iron and steel pipe 
commonly used, known as standard-weight, extra-strong, and double-exira- 
strong. Because of the necessity of maintaining the same external dia- 
meter in all three weights for the same nominal size, the added wall 
thickness is obtained by decreasing the internal diameter. The term 
full-weight, when applied to sizes below 8 in,, means that the pipe is up to 
the nominal weight per foot. When applied to sizes between 8 and 12 in., 
inclusive, it often indicates that the pipe has the heaviest of several wall 
thicknesses listed. In sizes 14 in. and upward, pipe is designated by its 
outside diameter (O.D.) and the wall thickness is specified. 

While the demands for pipe for the heating and ventilating industry are 
reasonably well served by the standard-weight and extra-strong pipe, 

5S0 



Chapter 34 — Pipe, Fittings, Welding 


demands for pipe for higher pressures and temperatures in industry 
resulted in the use of a multiplicity of wall thicknesses for all sizes. Even 
in heating installations, the erection of piping by welding was deemed to 
warrant the use of pipe lighter than standard weight. For these reasons, 
a Sectional Committee on Standardization of Wrought Iron and Wrought 
Steel Pipe and Tubing functioning under the procedure of the American 
Standards Association was appointed to standardize the dimensions and 
materials of pipe. 

The proposed pipe standard recommended by that sectional committee 
has set up several schedules of pipe including standard-weight and extra- 
strong thicknesses which are now included in Schedules 40 and 60, re- 
spectively. The schedules approved by the Sectional Committee are 
given in Tables 1 and 3 and the corresponding weights in Tables 2 and 4. 

Standard-weight pipe is generally furnished with threaded ends in 
random lengths of 16 to 22 ft, although when ordered with plain ends, 

5 per cent may be in lengths of 12 to 16 ft. Five per cent of the total 
number of lengths ordered may be jointers which are two pieces coupled 
together. Extra-strong pipe is generally furnished with plain ends in 
random lengths of 12 to 22 ft, although 5 per cent may be in lengths of 

6 to 12 ft. 


EXPANSION AND FLEXIBILITY 

The increase in temperature of a pipe from room temperature to an 
operating steam or water temperature one hundred degrees or more above 
room temperature results in an increase in length of the pipe for which 
provision must be made. The amount of linear expansion (or contraction 
in the case of refrigeration lines) per unit length of material per degree 
change in temperature is termed the coefficient of linear expansion of 
that material, or commonly, the coefficient of expansion. This coefficient 
varies with the material. 

The linear expansion of cast iron, steel, wrought-iron, and copper pipe, 
the materials most frequently used in heating and ventilating work, can 
be determined from Table 5. 

The elongation values in Table 5 were computed from the following 
formula: 

where 

Lt “= length at temperature t degrees Fahrenheit, feet. 

Lo = length at 32 F, feet. 
t = final temperature, degrees Fahrenheit. 

a and b are constants as follows: 


Metal 

a 

h 

f^ast-Tr<^n. ,, — - 

0.005441 

0.001747 

Steel 

0.006212 

0.001623 

Wrought-Iron 

0.006503 

0.001622 

Copper-. 

0.009278 

0.001244 
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The three methods by which the elongation due to thermal expansion 
may be taken care of are : 

1. Expansion joints. 

2. Swivel joints. 

3. Inherent flexibility of the pipe itself utilized through pipe bends, right-angle turns, 
or offsets in the line. 

Expansion joints of the slip-sleeve, diaphragm, or corrugated types 
made of copper, rubber, or other gasket material are all used for taking 


Table 1. Dimensions of Welded and Seamless Steel Pipe 


Nominal Wall Thicknesses for Schedule Numbers 


Nominal Outside 
Pipe Size Diam. 


Vs 

0.405 

u 

0.540 

Vs 

0.675 

Vi 

0.840 

V 

1.050 

1 

1.315 

m 

1.660 


1.900 

2 

2.375 


2.875 

3 

3.500 


4.000 

4 

4.500 

5 

5.563 

6 

6.625 

8 

8.625 

10 

10.75 

12 

12.75 

14 0. D. 

14.0 

16 0. D. 

16.0 

18 0. D. 

18.0 

20O.D. 

20.0 

24 0. D. 

24.0 

30O.D. 

30.0 


Schedule 

10 

Schedule 

20 

Schedule 

30 

Schedule 

40 

Schedule 

60 

Schedule 

80 

Schedule 

100 

Schedule 

120 

Schedule 

140 

Schedule 

160 




0.068* 

0.088* 

0.091* 

0.109* 

0.113* 

0.133* 

0.140* 

0.145* 

0.154* 

0.203* 

0.216* 

0.225* 

0.237* 

0.258* 

0.280* 

0.322* 

0.365* 

0.405 

0.437 

0.500 

0.562 

0.593 

0.687 


0.095* 

0.119* 

0.126* 

0.147* 

0.154* 

0.179* 

0.191* 

0.200* 

0.218* 

0.276* 

0.300* 

0.318* 

0.337* 

0.375* 

0.432* 

0.500* 

0.593 

0.687 

0.750 

0.843 

0.937 

1.031 

1.218 




























0.187 

0.218 

0.250 

0.250 

0.281 

0.343 

0.375 

0.437 






























. 




































0.437 

0.500 

0.562 

0.718 

0.843 

1.000 

1.062 

1.218 

1.343 

1.500 

1.750 




0.531 

0.625 

0.718 

0.906 

1.125 

1.312 
1.406 
1.562 
1.750 
1.937 

2.312 














0.250 

0.250 

0.250 

0.312 

0.312 

0.312 

0.375 

0.375 

0.500 

0.277* 

0.307* 

0.330* 

0.375 

0.375 

0.437 

0.500 

0.562 

0.625 

0.406 

0.500* 

0.562 

0.593 

0.656 

0.718 

0,812 

0.937 

0.593 

0.718 

0.843 

0.937 

1.031 

1.156 

1.250 

1.500 

0.812 

1.000 

1.125 

1.250 

1.437 

1.562 

1.750 

2.062 



0.250 

0.250 

0.250 

0.250 

0.250 

0.312 









All dimensions are given in inches. 

The decimal thicknesses listed for the respective pipe sizes represent their nominal or average wall dimensions and include 
an allowance for mill tolerance of 12.5 per cent under nominal tliicknesaea. 

^Thicknesses marked with asterisk in Scliedules .10 and 40 are identical with thicknesses for standard-weight pipe in 
former lists; those in Schedules 60 and 80 are identical with thicknesera for extra-strong pipe in former lists. 

The Schedule Numbers indicate approximate values of the expression 1000 x P/S. 


Up expansion, but generally only for low pressures or where the inherent 
flexibility of the pipe cannot readily be used as in underground steam or 
hot water distribution lines. 

Swivel joints are used extensively in low-pressure steam and hot water 
heating systems and in hot water supply lines. The swivel joints absorb 
the expansive movement of the pipe by the turning of threaded joints. 
In many cases the straight pipe in the offset of a swivel joint is sufficiently 
flexible to take up the expansion without developing enough thrust to 
produce swiveling in the threaded joint. This is preferable since con- 
tinued turning in the threaded joint may in time result in a leak, par- 

5$2 


Chapter 34 — Pipe, Fittings, Welding 


ticularly when the pressure is high. The amount of elongation which a 
swivel joint can take up is controlled by the length of the swing piece 
employed and by the lateral displacement which is permissible in the 
long pipe runs. 

Probably the most economical method of providing for expansion of 
piping in a long run is to take advantage of the directional changes which 
must necessarily occur in the piping and proportion the offsets so that 
sufficient flexibility is secured. Ninety-degree bends with long, straight 
tangents in either a horizontal or a vertical plane are an excellent means 

Table 2. Nominal Weights of Welded and Seamless Steel Pipe 


Nominal 

PlPB 

SiZB 

Inches 

SCHED. 

10 

Plain 

Ends 

SCHBD. 

20 

Plain 

Ends 

Schedule 

30 

Schedule 

40 

SCHED. 

60 

Plain 

Ends 

ScHBD. 

80 

Plain 

Ends 

Schbd. 

100 

Plain 

Ends 

Schbd. 

120 

Plain 

Ends 

Schbd. 

140 

Plain 

Ends 

Schbd. 

160 

Plain 

Ends 

Plain 

Ends 

Threads 

and 

Coup- 

lings 

Plain 

Ends 

Threads 

and 

Coup- 

lings 

Vs 





0 . 25 * 

0 . 25 * 


0 . 32 * 





H 




t 

0 . 43 * 

0 . 43 * 


0 . 54 * 





u 

i 




0 . 57 * 

0 . 57 * 


0 . 74 * 

1 




}4 

1 




0 . 86 * 

0 . 86 * 


1 . 09 * 




1.31 

% 





1 . 14 * 

1 . 14 * 


1 . 48 * 




1.94 

1 





1 . 68 * 

1 . 69 * 

1 

2 . 18 * 




2.85 

IH 





2 . 28 * 

2 . 29 * 


3 . 00 * 




3.77 

IH 





2 . 72 * 

2 . 74 * 


3 . 64 * 




4.86 

2 





3 . 66 * 

3 . 68 * 


5 . 03 * 




7.45 






5 . 80 * 

5 . 82 * 


7 . 67 * 





10.0 

3 





7 . 58 * 

7 . 62 * 


10 . 3 * 




14.3 







9 . 11 * 

9 . 21 * 


12 . 5 * 





4 





10 . 8 * 

10 . 9 * 


15 . 0 * 


19.0 


22.6 

5 





14 . 7 * 

14 . 9 * 


20 . 8 * 


27.1 


33.0 

6 





19 . 0 * 

19 . 2 * 


28 . 6 * 


36.4 


45.3 

8 


22.4 

24 . 7 * 

25 . 0 * 

28 . 6 * 

28 . 8 * 

35.7 

43 . 4 * 

50.9 

60.7 

67.8 

74.7 

10 


28.1 

34 . 3 * 

35 . 0 * 

40 . 5 * 

41 , 2 * 

54 . 8 * 

64.4 

77.0 

89.2 

105.0 

116.0 

12 


33.4 

43 , 8 * 

45 . 0 * 

53.6 

55.0 

73.2 

88.6 

108.0 

126.0 

140.0 

161.0 

14 0 . D . 

36.8 

45.7 

54.6 


63.3 


85.0 

107.0 

131.0 

147.0 

171.0 

190.0 

16 0 . D . 

42.1 

52.3 

62.6 


82.8 


108.0 

137.0 

165.0 

193.0 

224.0 

241.0 

18 0 . D . 

47.4 

59.0 

82.0 


105.0 


133.0 

171.0 

208.0 

239.0 

275.0 

304.0 

20 0 . D . 

52.8 

78.6 

105.0 


123.0 


167.0 

209.0 

251.0 

297.0 

342.0 

374.0 

24 0 . D . 

63.5 

94.7 

141.0 


171.0 


231.0 

297.0 

361.0 

416.0 

484.0 

536.0 

30 0 . D . 

99.0 

158.0 

197.0 
























Weights are given in pounds per linear foot and are for pipe with plain ends except for sizes which are commercially available with 
threads and coupling for which both weights are listed. 

*The weights marked with asterisk in Schedules 30 and 40 are identical with weights for Btandardr'Weight pipe in former lists: those in 
Schedules 60 and 80 are identical with weights for fxtra-stTong pipe in former lists. 

The Schedule Numbers indicate approximate values of the expression 1000 x P/S. 


for securing adequate flexibility with larger sizes of pipe. When flexi- 
bility cannot be obtained in this manner, it is necessary to make use of 
some type of expansion bend. The exact calculation of the size of ex- 
pansion bends required to take up a given amount of thermal expansion 
is relatively complicated^ The following approximate method, however, 
has been found to give reasonably good results and is deemed to be 
sufficiently accurate for most heating work. 

Fig. 3, Chapter 32, shows several types of expansion bends commonly 

iPiping Handbook, by Walker and Croker, and A Manual for the Design of Piping for Flexibility by 
the Use of Graphs, by E. A. Wert, S. Smith, and E. T. Cope, published by The Detroit Edison Company, 
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used for taking up thermal expansion. The amount of pipe, L, required 
in each of these bends may be computed from the following formula: 

L = 6.16 y (2) 

where 

L = length of pipe, feet. 

D = outside diameter of the pipe used, inches.^ 

A- =7 the amount of expansion to be taken up, inches. 

This formula, based on the use of mild-steel pipe with wall thicknesses 
not heavier than extra-strong, assumes a maximum safe value of fiber 
stress of 16,000 lb per square inch. When square type bends are used, the 
width of the bend should not exceed about two times the height. It is 


Table 3. Dimensions of Welded Wrought-Iron Pipe 


Nominal 

Pipe 

Size 

Outside 

Diameter 

Nominal Wall Thicknesses for Schedule Numbers 

Schedule 

10 

Schedule 

20 

Schedule 

30 

Schedule 

40 

Schedule 

60 

Schedule 

80 

Vs 

0.405 




0.070* 


0.098* 

34 

0.540 




0.090* 


0.122* 

H 

0.675 




0.093* 


0.129* 


0.840 





0.111* 


0.151* 

H 

1.050 




0.115* 


0.157* 

1 

1.315 




0.136* 


0.183* 

l}4 

1.660 




0.143* 


0.195* 


1.900 




0.148* 


0.204* 

2 

2.375 




0.158* 


0.223* 

2H 

2.875 




0.208* 


0.282* 

3 

3.5 




0.221* 


0.306* 

' 

4.0 




0.231* 


0.325* 

4 

4.5 




0.242* 


0.344* 

5 

5.563 




0.263* 



0.383* 

6 

6.625 




0.286* 


0.441* 

8 

8.625 



0.283* 

0.329* 


0.510* 

10 

10.75 



0.313* 

0.372* 

0.510* 

0.606 

12 

12.75 



0.336* 

0.414 

0.574 

0.702 

14 0. D. 

14.0 

0.250 

0.312 

0,375 

0.437 

0.625 

0.750 

16 0. D. 

16.0 

0.250 

0.312 

0.375 

0.500 

0.6S7 


18 0. D. 

18.0 

0.250 

0.312 

0,437 

0.562 

0.750 


20 0. D. 

20.0 


i 0.375 

i 

0,500 

0.562 




All dimensions are given in inches. 

The decimal thicknesses listed for the respective pipe sizes represent their nominal or average wall dimensions and include 
an allowance for mill tolerance of 12.5 per cent under the nominal thickness. 

*ThickneS8e8 marked with an asterisk in Schedules 30 and 40 are identical with thicknesses for standarSr-might pipe in 
former lists; those in Schedules 60 and 80 are identical with thicknesses for extra-atrong pipe in former lists. 

The Schedule Numbers indicate approximate values of the expression 1000 x P/S. 


further assumed that the corners are made with screwed or flanged elbows 
or with arcs of circles having radii five to six times the pipe diameter. 

All risers must be anchored and safeguarded so that the difference in 
length when hot from the length when cold shall not disarrange the 
normal and orderly provisions for drainage of the branches. 

It is especially necessary with light-weight radiators so to anchor the 
piping and so to give it freedom for expansion that no strain therefrom 
shall be allowed to distort the radiators. When expansion strains from 
the pipes are permitted to reach these light metal heaters they usually 
emit sounds of distress which are exceedingly troublesome. 
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PIPE THREADS 

All threaded pipe for heating and ventilating installations uses the 
American Standard taper pipe thread which is made with a taper of 1 in 
16 measured on the diameter of the pipe so as to secure a tight joint. 
Threads of fittings are tapped to the same taper. The number of threads 


Table 4. Nominal Weights of Welded Wrought-Iron Pipe 



SCHED. 

SCHED. 

Schedule 

Schedule 

Schedule 

Schedule 

Nominal 

10 

20 

30 

4( 


60 

80 









Size 

(Inches) 

Plain 

Plain 

Plain 

Plain 

Threads 

Plain 

Plain 


Ends 

Ends 

CoupUngs 

Ends 

Couplings 

Ends 

Ends 





0.25* 

0.25* 


0.32* 





0.43* 

0.43* 


0.54* 

% 





0.57* 

0.57* 


0.74* 





0.86* 

0.86* 


1.09* 

K 




1.14* 

1.14* 


1.48* 

1 




1.68* 

1.69* 


2.18* 

134 




2.28* 

2.29* 


3.00* 

i}4 




2.72* 

2.74* 


3.64* 

2 ” 




3.66* 

3.68* 


5.03* 





5,80* 

5.82* 


7.67* 

3 




7.58* 

7.62* 


10.3* 





9.11* 

9.21* 


12.5* 

4 




10*. 8* 

10.9* 


15.0* 

5 




14.7* 

14.9* 


20.8* 

6 




19.0* 

19,2* 


28.6* 

8 



24.7* 25.0* 

28.6* 

28,8* 


43.4* 

10 



34.3* 35.0* 

40.5* 

41.2* 

54.8* 

54.4 

12 



43.8* 45.0* 

53.6 

55.0 

73.2 

88.6 

14 0. D. 

36.0 

44.8 

53.6 

62.2 


87.6 

104.0 

16 0. D. 

41.3 

51.4 

61.4 

81.2 


111.0 


18 0. D, 

46.5 

57.9 

80.5 

103.0 


136.0 


20 0. D. 


77.0 

10.S n 

115.0 













Weights are given in pounds per linear foot and are for pipe with plain ends except for sizes ’which arc commercially 
available with threads and couplings for which both weights are listed. 


•Weights marked with an asterisk in Schedules 30 and 40 are identical with weights for pipe informer lists; 

those in Schedules 60 and 80 are identical with weights for extra-strong pipe in former lists. 

The Schedule Numbers indicate approximate values of the expression 1000 x P/S. 


per inch varies with the different pipe sizes. All threaded pipe should be 
made up with a thread paste suitable for the service under which the 
pipe is to be used. 

HANGERS 

Heating system piping requires careful and substantial support. Where 
changes in temperature of the line are not large, such simple methods of 
support may be utilized as hanging the line by means of rods or perforated 
strip from the building structure,, or supporting it by brackets or on piers. 

When fluids are conveyed at temperatures of 150 F or above, however, 
hangers or supporting equipment must be fabricated and assembled to 
permit free expansion or contraction of the piping. This can be accom- 
plished by the use of long rod hangers, spring fxangers, chains, hangers or 
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supports fitted with rollers, machined blocks, elliptical or circular rings of 
larger diameter than the pipe giving contact only at the bottom or trolley 
hangers. In all cases, allowance should be made for rod clearance to 
permit swinging without setting up severe bending action in the rods. 

For pipes of small size, perforated metal strip is often used. For 
horizontal mains, the rod or strip usually is attached to the joists or steel 


Table 5 . Thermal Expansion of Pipe in Inches per 100 Fxa 
(For superheated steam and other fluids refer to temperature column) 


Saturated Steam 

Elongation in Inches pee 

100 FT PROM — 20 F UP 

Saturated 

Steam 

1 

Elongation in Inches per 100 

FT FROM —20 F UP 

Vacuum 
Inches 
of Hg. 

Pressure 

Pounds 

per 

Square 

Inch 

Gage 

Tem- 

perature 

Degrees 

Fahren- 

heit 

Cast- 

Iron 

Pipe 

Steel 

Pipe 

Wrought 

Iron 

Pipe 

Copper 

Pipe 

Pressure 

Pounds 

per 

Square 

Inch 

Gage 

Tem- 

perature 

Degrees 

Fahren- 

heit 

Cast- 

Iron 

Pipe 

Steel 

Pipe 

Wrought 

Iron 

Pipe 

Copper 

Pipe 



-20 

0 

0 

0 

0 

664.3 

500 

3.847 

4.296 

4.477 

6.110 



0 

0.127 

0.145 

0.152 

0.204 

795.3 

520 

4.020 

4.487 

4.677 

6.352 



20 

0.255 

0.293 

0.306 

0.442 

945.3 

540 

4.190 

4.670 

4.866 

6.614 



40 

0.390 

0.430 

0.465 

0.655 

1115.3 

560 

4.365 

4.860 

5.057 

6.850 

29.39 ' 


60 

0.518 

0.593 

0.620 

0.888 

1308 . 3 ^ 

580 

4.541 

5.051 

5.268 

7.123 

28.89 


80 

0.649 

0.725 

0.780 

1.100 

1525 . 3 ; 

600 

4.725 

5.247 

5.455 

7.388 

27.99 


100 

0.787 

0,898 

0 . 939 , 

1.338 

1768.3 

620 

4.896 

5.437 

5.660 

7.636 

26.48 i 


120 

0.926 

1.055 

1.110 

1.570 

2041.3 

640 , 

5.082 

5.627 

5.850 

7.893 

24.04 i 


140 

1.051 

1.209 

1.265 

1.794 

2346.3 

660 

5.260 

5.831 

6.067 

8.153 

20.27 1 


160 

1.200 

1.368 

1.427 

2.008 

2705 

680 

5.442 

6.020 

6.260 

8.400 

14.63 


180 

1.345 

1.528 

1.597 

2.255 

3080 

700 

5.629 

6.229 

6.481 

8.676 

6.45 


200 

1.495 

1.691 

1.778 

2.500 


720 

5.808 

6.425 

6.673 

8.912 


2.5 

220 

1.634 

1.852 

1.936 

2.720 


740 

6.006 

6.635 

6.899 

9.203 


10.3 

240 

1.780 

2.020 

2.110 

2.960 


760 

6.200 

6.833 

7.100 

9.460 


20.7 

260 

1.931 

2.183 

2.279 

3.189 


780 

6.389 

7.046 

7.314 

9.736 


34.5 

280 

2,085 

2.350 

2.465 

3.422 


800 

6.587 

7.250 

7.508 

9.992 


52,3 

300 

2.233 

2.519 

2.630 

3.665 


820 

6.779 

t 7.464 

7.757 

10.272 


74.9 

320 

2.395 

2.690 

2.800 

3.900 


840 

6.970 

7.662 

7.952 

10.512 


103.3 

340 

2.543 

2.862 

2.988 

4.145 


860 

7.176 

' 7.888 

8.195 

10.814 


138.3 

360 

2.700 

3.029 

3.175 

4.380 


880 

7.375 

8.098 

8.400 

11.175 


180.9 

380 

2,859 

3.211 

3.350 

4.628 


900 

7.579 

8.313 

8.639 

11.360 


232.4 

400 

3.008 

3.375 

3.521 

4.870 


920 

7.795 

8.545 

8.867 

11.625 


293.7 

420 

3.182 

3.566 

3.720 

5.118 


940 

7.989 

1 8.755 

9.089 

11.911 


366.1 

440 

3.345 

3.740 

3.900 

5.358 


960 

8.200 

18.975 

9.300 

12.180 


451.3 

460 

3.511 

3.929 

4.096 

15.612 


980 

8.406 

9.196 

9.547 

12.473 


550.3 

480 

3.683 

4.100 

4.280 

5.855 


1000 

8.617 

1 9.421 

9.776 

12.747 


aFrom Piping Handbook, by Walker and Crocker. This table gives the expansion from — 20 F to the 
temperature in question. To obtain the amount of expansion between any two temperatures take the 
difference between the figures in the table for those temperatures, For example, if a steel pipe is installed 
at a temperature of 60 F and is to operate at 300 F, the expansion would be 2.519 — 0.693 * 1.926 in. 


work of the floor above. For long runs of vertical pipe subject to con- 
siderable thermal expansion, either the hangers should be designed to 
prevent excessive load on the bottom support when expansion takes 
place, or the bottom support should be designed to withstand the entire 
load. 


FITTINGS 

Fittings for joining the separate lengths of pipe together are made in a 
variety of forms, and are either screwed or flanged, the former being 
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generally used for the smaller sizes of pipe up to and including 33^ in., 
and the latter for the larger sizes, 4 in. and above. Screwed fittings of 
large size as well as flanged fittings of small size are also made and are 
used for certain classes of work at the proper pressure. 

The material used for fittings is generally cast-iron, but in addition to 
this malleable iron, steel and steel alloys are also used, as well as various 


Table 6. Tentative American Standard Dimensions of Elbows, 45 Deg Elbows, 
Tees, and Crosses (Straight Sizes) for 125 Lb Cast-Iron Screwed Fittings 



Elbow 





A 

c 

B 

E 

F 

G 

E 

Nominal 

Pipe 

Size 

Center 

TO End, 
Elbows, 
Tees and 
Crosses 

Center 

TO End, 

45 Dbg 
Elbows 

Length 

OP Thread 
Min. 

Width 

OP Band, 
Min. 

Inside Diameter 

OP Fitting 

Metal 

Thickness, 

Min. 

OuTsmB 

Diameter 

OP Band, 
Min. 

Min. 

Max. 


0.81 

0.73 

0.32 

0.38 

0.540 

0.584 

0.110 

0.93 

ys 

0.95 

0.80 

0.36 

0.44 

0.675 

0.719 

0.120 

1.12 


1.12 

0.88 

0.43 

0.50 

0.840 

0.897 

0.130 

1.34 


1.31 

0.98 

0.50 

0.56 

1.050 

1.107 

0.155 

, 1.63 

1 

1.50 

1.12 

0.58 

0.62 

1.315 

1.385 

0.170 

1.95 


1.75 

1.29 

0.67 

0.69 

1.660 

1.730 

0.185 

2.39 

m 

1.94 

1.43 

0.70 

0.75 

1.900 

1.970 

0.200 

2.68 

2 

2.25 

1.68 

0.75 

0.84 

2.375 

2.445 

0.220 

3.28 

2H 

2.70 

1.95 

0.92 

0.94 

2.875 

2.975 

0.240 

3.86 

3 

3.08 

2.17 

0.98 

1.00 

3.500 

3.600 

0.260 

4.62 

m 

3.42 

2.39 

1.03 

1.06 

4.000 

4.100 

0.280 

5.20 

4 

3.79 

2.61 

1.08 

1.12 

4.500 

4.600 

0.310 

5.79 

5 

4.50 

3.05 

1.18 ' 

1.18 1 

5.563 

5.663 

0.380 

7.05 

6 

5.13 

3.46 

1.28 

1.28 

6.625 

6.725 

0.430 

8.28 

8 

6.56 

4.28 

1.47 

1.47 

8.625 

8.725 

0.550 

10.63 

10 

8.08 

5.16 

1.68 

1.68 

10.750 

10.850 

0.690 

13.12 

12 

9.50 

5.97 

1.88 

1.88 

12.750 

12.850 

0.800 

15.47 

14 O.D. 

10.40 


2.00 

2.00 

14.000 

14.100 

0.880 

16.94 

16 O.D. 

11.82 

.... 

2.20 

2.20 

16.000 

16.100 

1.000 

19.30 


All dimensions given in inches. 


grades of brass or bronze. The material to be used depends on the 
character of the service and the pressure. 

As in the case of pipe, there are several weights of fittings manufactured. 
Recognized American Standards for the various weights are as follow: 

Cast-iron pipe flanges and flanged fittings for 25 lb (sizes 4 in. and larger), 125 lb, and 
250 lb maximum saturated steam pressure. 
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Malleable iron screwed fittings for 150 lb maximum saturated steam pressure. 
Cast-iron screwed fittings for 125 and 250 lb maximum saturated steam pressure. 

Steel flanged fittings for 150 and 300 lb maximum steam service pressure. 

The allowable cold water working pressures for these standards vary from 43 lb for 
the 25 lb standard to 500 lb for the 300 lb steel standard. 

Screwed fittings include : nipples or short pieces of pipe of varying 
lengths; couplings, usually of wrought iron only ; elbows for turning angles 
of either 45 deg or 90 deg; return bends, which may be of either the close 
or open pattern, and may be cast with either a back or side outlet; tees; 
crosses; laterals or Y branches; and a variety of plugs, bushings, caps, 

Table 7. American Standard Dimensions of Tees and Crosses (Straight Sizes) 
FOR 125 Lb Cast-Iron Flanged Fittings 



Nominal 

Pipe SizBa-b 

A 

AA 

Diameter 

OP 

Flange 

Thickness op 
Flange, 

Min. 

Metal 

Thickness 

OP Bout, 

Min. 

Center to Face 
Tees and 
Crosses b-o 

Pace to Face 
Tees and 
Crosses b>o 

1 

W2 

7 

4^ 

Kb 

Kb 

IK 

SK 


4^ 

A 

Kb 

m 

4 

8 

5 

Hq 

Kb 

2 

iy2 

9 

6 

Vs 

Kb 


5 

10 

7 

^Kb 

Kb 

3 


11 

7^ 

K 

Kb 



12 


^Kb 

Kb 

4 


13 

9 

^Kb 

¥2 

5 

7K 

15 

10 

^Kb 

K 

6 

8 

16 

11 

1 

Kb 

8 

9 

18 


iVs 

H 

10 

11 

22 

16 

IHb 

K 

12 

12 

24 

19 

IK 

^Hb 

14 O.D. 

14 

28 

21 

1% 

Vb 

16 O.D. 

15 

30 

2dA 

1Kb 

1 

18 O.D. 

im 

33 

25 

1Kb 

1Kb 

20 O.D. 

18 

36 

27A 

I^Kb 

IKs 

24 O.D. 

22 

44 

32 

1% 

IK 

30 O.D. 

25 

50 

38?i 

2H 

1Kb 

36 O.D. 

28 

66 

46 

2H 

IK 

42 O.D. 

31 

62 

53 


I^Kb 

48 O.D. 

34 

68 

59H 

2V4. 

2 


All dimensions given in inches. 

aSize of all fittings listed indicates nominal inside diameter of port. 

hTees, aide outlet tees, and crosses, 16 in, and smaller, reducing on the outlet, have the same dimensions 
center to face, and face to face as straight size fittings corresponding to the size of the larger opening. 
Sizes 18 in, and larger, reducing on the outlet, are made in two lengths, depending on the size of the outlet. 

cTees and crosses, reducing on run only, carry same dimensions center to face and face to face as a 
straight size fitting of the larger opening. 
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lock-nuts, flanges and reducing fittings. Reducing fittings a? well as 
bushings, both of which are used in changing from one pipe size to another, 
may have the smaller connection tapped eccentrically to permit free drain- 
age of the water of condensation in steam lines or free escape of air in 
water lines. 

Threads used for fittings are the same American Standard taper pipe 
threads as those used for pipe, and unless otherwise ordered, right-hand 
threads are used. To facilitate drainage, some elbows have the thread 


Table 8. American Standard Dimensions of Elbows for 
125 Lb Cast-Iron Flanged Fittings 



Nominal 
Pipe Size a 

A 

B 

c 

Diameter 

OP 

Flange 

Thickness 

OP Flange, 
Min. 

Metal 

Thickness 

OP Body, 
Min. 

1 

Center to Pace 
Elbow 

Center to Face 
Long Radius 
Elbow h-c-d 

Center to FAcns 
45 Deo 
Elbow « 

1 

m 

5 


4M 

Ks 


IM 


' BVz 

\ 2 

4^ 

H 

He 


4 

6 

2 H 

5 

He 

He 

2 


m 

m 

6 

H 

He 


5 

7 

3 

7 


He 

3 


7M 

3 

734 

Vi 

He 


6 

83^ 

3H 

8H 


He 

4 

m 

9 

4 

9 



5 

m 

lOK 

4M 

10 


34 

6 1 

8 ! 


6 I 

11 

1 

He 

8 

9 

14 

6K ; 

IZH 

lA 

H 

10 i 

11 1 

163^ 


16 

IMe 

M 

12 1 

12 I 

19 

7 V 2 ! 

19 

IM 

me 

14 O.D. 

14 

21H 


21 

IH 

Ve 

16 O.D. 

15 

24 

8 

23 M 

me 

1 

18 O.D. i 

16}^ 1 

263^ 

SH 

25 

me 

me 

20 O.D. 

18 

29 

9H 

27H 

ime 

134 

24 O.D. 

22 

34 

11 

32 

m 

134 

30 O.D. 1 

25 

413^ 

15 

38M 

234 

me 

36 O.D. 

28 

49 

18 

46 

2M 

IH 

42 O.D. 

31 

563^ 

21 

53 

25^ 

ime 

48 O.D. 

34 

64 

24 

69M 

2H 

2 


All dimensions given in inches. 

aSize of all fittings listed indicates nominal inside diameter of port, 

hReducing elbows and side outlet elbows carry same dimensions center to face as straight size elbows 
corresponding to the size of the larger opening. 

especial degree elbows, ranging from 1 to 45 deg, inclusive, have the same center to face dimensions 
as given for 45 deg elbows and those over 46 deg and up to 90 deg, inclusive, shall have the same center to 
face dimensions as given for 90 deg elbows. The angle designation of an elbow is its deflection from straight 
line flow and is the angle between the flange faces. 

dSide outlet elbows shall have all openings on intersection center-lines. 
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tapped at an angle to provide a pitch of the connecting pipe of 34 in. to 
the foot. These elbows are known to the trade as pitched elbows and are 
commercially available. Malleable iron fittings, like brass fittings, are 
cast with a round instead of a flat band or bead, or with no bead at all. 
Fittings are designated as male or female, depending on whether the 
threads are on the outside or inside, respectively. 

Flanged fittings are generally used in the best practice for connecting 
all piping above 4 in. in diameter. While screwed fittings may be used 
for the larger sizes and are satisfactory under the proper working con- 
ditions, it will be found difficult either to make or to break the joints in 
these large sizes. 

A number of different flange facings in common use are plain face, 
raised face, tongue and groove, and male and female. Cast-iron fittings 
for 125 lb pressure and below are normally furnished with a plain face, 
while the 250 lb cast-iron fittings are supplied with a ^Q-inch raised face. 
The standard facing for steel flanged fittings for 150 and 300 lb is a 
^Q-indi raised face although these fittings are obtainable with a variety of 
facings. The gasket surface of the raised face may be finished smooth 
or may be machined with concentric or spiral grooves often referred to as 
serrated face or phonograph finish, respectively. 

The dimensions of elbows, tees and crosses for 125 lb cast-iron screwed 
fittings are given in Table 6, whereas the dimensions for 125 lb cast-iron 
flanged fittings are given in Tables 7 and 8. 

For low temperature service not to exceed about 220 F, a number of 
paper or vegetable fiber gasket materials will prove satisfactory; for plain 
raised face flanges, rubber or rubber inserted, gaskets are commonly 
employed. Asbestos composition gaskets are probably the most widely 
used, particularly where the temperature exceeds 250 F. Jacketed 
asbestos and metallic gaskets may be used for any pressure and tem- 
perature conditions, but preferably only with a relatively narrow recessed 
facing. 

WELDING 

Erection of piping in heating and ventilating installations by means of 
fusion welding has been commonly accepted in the past few years as a 
competitive method to the screwed and flanged joint. Since the question 
of economy of welding as against the use of screwed and flanged fittings 
is depen(^ent on the individual job, the use of welding is generally recom- 
mended on the basis of a greatly reduced cost of maintenance and repair, 
of less weight resulting from the use of a lighter-weight pipe, and of 
increased economy in pipe insulation, hangers, and supports rather than 
on the basis of any economy that might be effected in actual erection by 
welding. 

Fusion welding, commonly used in erection of piping, is defined as the 
process of joining metal parts in the molten, or molten and vapor states, 
without the application of mechanical pressure or blows. Fusion welding 
embraces gas welding and electric arc welding, both of which are com- 
monly used to produce acceptable welds. 

Welding application requires the same basic knowledge of design as do 
the other types of assembly, but in addition, requires a generous know- 

590 



Chapter 34 — Pipe, Fittings, Welding 


ledge of the sciences involved, particularly as to welding qualities of 
metal, their reaction to extremely high temperatures, and the ability to 
determine and use only the best quality welding rods. This requirement 
applies equally to employer and employee with the employer accepting 
all of the responsibility. Thus the employer should select his welding 
mechanics with good judgment, provide them with first-class equipment 
and tools, arrange for their training and use of acceptable workmanship 
standards, and at regular intervals subject their work to prescribed tests. 




CL. Typical Short Radius Elbows 



h. Tee c. Forged Cap d. Concentric e. End 

Reducer Closure 


Fig. 1, Typical Welding Fittings 


Industry will not accept the employment of mechanics of undetermined 
ability nor on the basis of past experience. Neither does industry accept 
the statement that a weld is only as good as the workman who makes it. 
The control Codes now in process of adoption will be the law governing 
the use of the welding process. These Codes prohibit individual practices 
contrary to their specified procedure and rules of control, and this is 
predicated upon the sound requirement that the employer must assume 
full responsibility for the deposited weld. 

It is advisable that this management responsibility be included in all 
welding specifications and that authoritative standards of workmanship 
also be specified. The standards of workmanship for this industry are as 
set forth in the Standard Manual on Pipe Welding of the Heating, Piping 
and Air Conditioning Contractors National Association, 

A complete line of manufactured steel welding fittings is now available 
with plain ends machine beveled for welding and with radii similar to 
short and long radius flanged fittings. Some typical types of these fittings 

591 



American Society of Heating and Ventilating Engineers Guide, 1935 


Table 9. Proposed Dimensions of Steel Welding Neck Flanges for 
Maximum Steam Service Pressure of 150 Lb per Sq In. 
(Gage) at a Temperature of 500 F, and 100 Lb at 750 F 



Nominal 

Pipe 

Size 

Diameter 

OF 

Flange 

Thickness 1 

OF 

Flg. Min. 

Diameter 

OP 

Hub 

Hub Diam. 
Beginning 
OP Chamfer 

Length 

Thru 

Hub 

Diam. for 
Standard 
Pipe 

Dl\m. of 
Bolt 
Circle 

No. 

OF 

Bolts 

Size 

OF 

Bolts 

0 

6 

Y 

H 

Y 

A 

1 


Jie 


1.32 

2516 

1.05 


4 

y 


4^ 

y 

2^6 

1.66 

2H 

1.38 

351 

4 

y2 

IM 

5 


2^6 

1.90 

2K6 

1.61 

351 

4 

51 

2 

6 

H 

SHe 

2.38 

2J4 

2.07 

451 

4 

51 

2H 

7 


2He 

2.88 

2M 

2.47 

551 

4 

y 

3 

7J4 

Vi 

4M 

3.50 

2 % 

3.07 

6 

4 

51 

3}4 

sy2 

ih'6 

41 K 6 

4.00 

21516 

3.55 

7 

8 

51 

4 

9 


5516 

4.50 

3 

4.03 

751 

8 

51 

5 

10 



5.56 

3H 

5.05 

851 

8 

51 

6 

11 

1 

7516 

6.63 

3M 

6.07 

951 

8 

51 

8 

13^ 

lys 

91M6 

8.63 

4 

7.98 

1151 

8 

51 

10 

16 

IMe 

12 

10.75 

4 

10.02 

1434 

^2 

Vs 

12 

19 

ly 

1451 

12.75 

4H 

12.00 

17 

12 

Vz 

14 0. D. 

21 

lys 

isy 

14.00 

5 

! 13.25 

1851 

12 

1 

16 0. D. 

2SH 

IKe 

18 

16.00 

5 

15.25 

2151 

16 

1 

18 0. D. 

25 

iHe 


18.00 

551 

17.25 

2251 

16 

151 

20 0. D. 

27H 


22 

20.00 

SUle 

19.25 

25 

20 

151 

24 0. D. 

32 


26H 

24.00 

6 

23.25 

29}4 

20 

IJI 


All dimensions given in inches. 

A raised face of }ia in. is included in thickness of flange minimum. 

It is recommended that the taper of the hub should not exceed 6 degrees for a reasonable distance back of the chamfer 
in order to reduce the heat transfer while welding. 


are shown in Fig. 1. They are made in pipe sizes to 24 in., standard 
and extra heavy, in steel, wrought iron, brass, copper, and special alloys. 

Socket welding fittings shown in Fig. 1 are commercially available. A 
proposed American Standard containing dimensions of steel welding-neck 
flanges for pressures up to 1600 lb per square inch has been developed in 
A.S.A. Sectional Committee B16. Tables 9 and 10 give these dimensions 
for welding-neck flanges suitable for 150 and 300 lb per square inch 
gage pressure. 


VALVES 

Valves are made with both threaded and flanged ends for screwed and 
bolted connections just as are pipe fittings. 

The material used for valves of small size is generally brass or bronze 
for low pressures and forged steel for high pressures, while in the larger 
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sizes either cast-iron, cast-steel or some of the steel alloys are employed. 
Practically all iron or steel valves intended for steam or water work are 
bronze-mounted or trimmed. 

Brass, bronze, and iron valves are generally designed for standard or 
extra heavy service, the former being used up to 125 lb and the latter up 
to 250 lb saturated steam working pressure, although most manufacturers 
also make valves for medium pressure up to 175 lb steam working pres- 
sure. The more common types are gate valves or straightway valves, 
globe valves, angle valves, check valves and automatic valves, such as 
reducing and back-pressure valves. 

Gate valves are the most frequently used of all valves since in their open 
position the resistance to flow is a minimum. These valves may be 
secured with either a rising or a non-rising stem, although in the smaller 
sizes the rising stem is more commonly used. The rising stem valve is 
desirable because the positions of the handle and stem indicate whether 
the valve is open or closed, although space limitations may prevent its 
use. The globe valve is less expensive to manufacture than the gate 
valve, but its peculiar construction offers a high resistance to flow and 
may prevent complete drainage of the pipe line. These objections are of 
particular importance in heating work. 

Check valves are automatic in operation and permit flow in only one 
direction, depending for operation on the difference in pressure between 
the two sides of the valve. The two principal kinds of check valves are 
the swing check in which a flapper is hinged to swing back and forth, and 
the lift check in which a dead weight disc moves vertically from its seat. 

Valves commonly used for controlling steam or water supply to radi- 
ators constitute a special class since they are manufactured to meet 
heating system requirements. These valves are generally of the angle 
type and are usually made of brass. Graduations on the heads or lever 
handles are often supplied to indicate the relative opening of the valve in 
any position. Standard roughing-in dimensions for angle-type valves 
are given in Table 11. 

Automatic control of steam supply to individual radiators can be 
effected by use of direct-acting radiator valves having a thermostatic 
element at the valve, or near to it. The direct-acting valve is usually an 
angle-type valve containing a thermostatic element which permits the 
flow of steam in accordance with room temperature requirements. These 
valves usually are capable of adjustment to permit variation in room 
temperature to suit individual taste. 

Ordinary steam valves may be used for hot water service by drilling a 
}4-in. hole through the web forming the seat to insure sufficient circulation 
to prevent freezing when the valve is closed. Valves made particularly 
for use in hot water heating systems are of less complex design, one type 
consisting of a simple butterfly valve, and another of a quick opening type 
in which a part in the valve mechanism matches up with an opening 
in the valve body. 

In one-pipe steam-heating systems, automatic air valves are required 
at the radiators. Two common types of air valves available are the 
vacuum type and the straight-pressure type. Vacuum valves permit the 
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Table 10. Proposed Dimensions of Steel Welding Neck Flanges for 
Maximum Steam Service Pressure of 300 Lb per Sq In. 
(Gage) at a Temperature of 750 F 



Nominal 

Pipe 

Size 

Diam. 

OF 

Flange 

Thick- 

ness 

OP 

Flange 

Min. 

Diam. 

OP 

Hub 

Hub 

Diam. 

Beginning 

OP 

Chamfer 

Length 

Thru 

Hub 

Diam. 

for 

Standard 

Pipe 

Diam. 

FOR 

Extra 

Strong 

Pipe 

Dum. 

OP 

Bolt 

Circle 

No. 

OP 

Bolts 

Size 

OF 

Bolts 

0 

Q 

X 

H 

Y 

A 

A 

"'2 


Vs 

3^6 

2.38 

2H 

2.07 

1.94 

5 

8 

H 



1 


2.88 

3 

2.47 

2.32 

SVs 

8 


3 

8M 

ly 

45^ 

3.50 

33^ 

3.07 

2.90 

ey 

8 

H 

3H 

9 


sa 

4.00 

SHe 

3.55 

3.36 

7H 

8 

H 

4 

10 

IM 

5H 

4.50 

3H 

4.03 

3.83 

7y8 

8 

H 

5 

11 

m 

7 

5.56 

3ys 

5.05 

4.81 

9H 

8 

% 

6 


IKe 

8K 

6.63 

3% 

6.07 

5.76 

ioys 

12 

H 

8 

15 

lys 

lOM 

8,63 

iVs 

7.98 

7.63 

13 

12 

ys 

10 

17H 

iVs 

125^ 

10.75 


10.02 

9.75 

1534 

16 

1 

12 

2oy2 

2 

14H 

12.75 

SVs 

12.00 

11.75 

17M 

16 

13^ 

14 0. D. 

23 

2H 

m 

14.00 

sy 

13,25 


20H 

20 

13^ 

16 0. D. 

2S}4 

2M 

19 

16.00 

sy 

15.25 


22M 

20 

m 

18 0. D. 

28 

2H 

21 

18.00 

6H 

17.25 


24K 

24 

m 

20 0. D. 

30M 

2M 

23}^ 

20.00 

6H 

19.25 


27 

24 

m 

24 0. D. 

36 

2?4 

27ys 

24.00 

6^8 

23.25 


32 

24 

m 


*For sizes below 2 inches use dimensions of 600 lb flanges. 

All dimensions given in inches. 

A raised face of Jie in. is included in thickness of flange minimum. 

It is recommended that the taper of the hub should not exceed 6 degrees for a reasonable distance back of the chamfer 
in order to reduce the heat transfer while welding. 


expulsion of air from the radiators when the steam pressure rises and, in 
addition, act as checks to prevent the return of air into the radiator when 
a vacuum is formed by the condensation ofsteam after the supply pressure 
has dropped. Ordinary air valves permit the expulsion of air from the 
radiator when steam is supplied under pressure, but when the pressure 
dies down and a vacuum tends to be formed the air is drawn back into 
the radiator. 

A system supplied with vacuum valves will heat more quickly and 
stay warm longer than one provided with straight pressure air valves; 
thus it will effect considerable economy of fuel because the idle period 
during which no heat is delivered is shortened. Automatic air valves are 
provided with a float to close them in case the radiator becomes flooded 
with water because it does not drain properly. 
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CORROSION^ 

Corrosion is sometimes encountered in heating work on the outside of 
buried pipes or the inside of steam heating systems; it is seldom ex- 
perienced in hot water heating systems unless the water is frequently 
renewed. Piping buried in the ground is quite successfully protected by 
coatings of the asphaltic type which are usually applied hot and often 
reinforced with fabric wrappings. Galvanizing by the hot-dip process and 
painting with specially prepared mixtures also afford some protection. 

Internal corrosion in steam heating systems occurs principally in the 
condensate return pipes and is nearly always caused by oxygen or carbon 
dioxide, or both, in solution in the condensate. Oxygen may enter the 
heating system with the steam, owing to its presence in the boiler-feed 
water, or it may enter as air through small leaks, particularly in systems 
which operate at sub-atmospheric pressures. When a steam heating 
system is operated intermittently, air rushes in during each shutdown 
period and oxygen is absorbed by the condensate which clings to the 
interior surfaces of the pipes and radiators. The rate of corrosion depends 
upon the amounts of oxygen and carbon dioxide present in solution, upon 
the operating temperature, and upon the length of time that the pipe 
surfaces are in contact with gas-laden condensate. 

Another possible cause of corrosion is a flow of electric current some- 
times resulting from faulty electrical circuits which should be corrected. 
Electrolytic corrosion also may occur because of the presence of two dis- 
similar metals, such as brass and iron, but the condensate in practically 
all steam heating systems is such a weak electrolyte that this cause of 
corrosion is very infrequent. 

If trouble is experienced from corrosion, oxygen should be eliminated 
from the feed water by proper deaeration with commercial apparatus. 
The elimination of the oxygen due to air leakage is more difficult because 
of the multitude of small leaks which exist around valve stems and in 
pipe joints. In vacuum systems, however, an attempt should be made 
to minimize such leakage. 

Carbon dioxide in varying amounts is contained in steam produced 
from the majority of water supplies. It is formed from the breaking down 
of carbonates and bicarbonates which are present in nearly all natural 
waters. It can be partly removed by chemical treatment and deaeration, 
but there is no simple method whereby it can be entirely eliminated. 

These gases cause corrosion only when in solution in the condensate; 
when they are mixed with dry steam their corrosive effect is negligible. 
The amount of gas in solution depends upon the partial pressure of that 
gas in the atmosphere above the surface of the solution, in accordance 
with the well known physical law of Henry and Dalton®. ^ The exact 
application of this law, however, assumes equilibrium conditions which 
do not always exist under the flow conditions prevailing in a heating 
system. 


*New Light on Heating System Corrosion, by J. H. Walker {Heating and Ventilating, May, 1933). 

>Some Fundamental Considerations of Corrosion in Steam and Condensate Lines, by R. E. Hall and 
A. R. Mumford (A.S.H.V.E. Transactions, Vol. 38, 1932). 
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Distinction should be made between corrosion in heating systems proper 
and in the condensate discharge lines from other apparatus using steam, 
such as water heaters, kitchen equipment, and sterilizers. Experience 
has shown that in heating systems the partial pressures of the gases do 
not reach such magnitudes as to cause harmful amounts of gas to become 
dissolved in the condensate when steam supplies are of reasonable purity. 
In other kinds of steam-using apparatus which are not ordinarily well 
vented, the gases tend to accumulate in the steam space and to become 
dissolved in the condensate' in appreciable concentrations. Consequently, 
corrosion is frequently observed in the condensate discharege lines from 
such apparatus, but this does not necessarily indicate that equally serious 
corrosion is taking place in the heating system supplied with steam from 
the same source. 


Table 11. Standard Roughing-in Dimensions Angle Type Valves 



Size 

OB' 

Vai/Vh 

Dimension A 

Steam and 

Hor Water angle Valves 
AND Union Elbows 
Effective Januart 1, 1926 

Dimension a 
Modulating Valves 
Effective January 1. 1926 

Dimension A 
Return Line Vacuum 
Valves Effective 
January 1, 1925 


2H 

2M 

3H 

% 

2H 

2H 


1 

3 

3 


IM 

3H 

3H 



3M 

2H 


2 




Tolerance 

±ys 

±ys 



All dimensions given in inches. 


ConneotiM ends shall be threaded and gaged as to threading according to the American (Taper) Pipe Thread Standard, 
A.S.A. No. B2— 1919. 

The standardization of the Roughing-in Dimensions of Angle Steam and Hot Water, and Modulating Radiator Valves was 
made possible by the cooperation of the Manufacturers Standajrdization Society of the Valves and Fittings Industry. 


When corrosive conditions are believed to exist, their seriousness should 
be determined by actual measurement, rather than by inference from 
isolated instances of pipe failures. The National District Heating Associa- 
tion has perfected a corrosion tester for measuring the inherent corrosive- 
ness of existing conditions. This corrosion tester consists of a frame sup- 
porting three coils of wire which are carefully weighed. After the tester 
has been inserted in the pipe line for a definite length of time, the loss of 
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weight of the coils, referred to an established scale, indicates the relative 
corrosiveness of the condensate. Accompanying such corrosion measure- 
ments, a careful chemical analysis should be made of the condensate, and 
the findings will serve as a basis for an intelligent study of the problem. 

Corrosion, if found to exist, can be lessened or overcome by several 
means. If the steam supply is found to be definitely contaminated^ 
proper chemical treatment of the water, followed by deaeration, is an 
obvious remedy. The leaks in the piping system, particularly in vacuum 
systems, should be stopped so far as is practicable. 

Some success has been reported with the use of inhibitors, chief among 
which are oil, sodium silicate, and ammonia. Oil may be fed into the 
main steam-supply pipe by means of a sight-feed lubricator. The type of 
oil known as 600- W is usually recommended. In the present state of 
knowledge on this point, the quantity to be fed can best be determined by 
trial. The use of sodium silicate, fed in a similar manner, is reported to 
be successful but it has not been widely used. 

The effect of ammonia is to increase the pH value of the condensate 
above the point where corrosion is likely to take place. Speller^ reports 
having injected small quantities of ammonia into a small closed heating 
system (the entire amount of condensate being returned to the boiler) and 
finding the pH value maintained at a high point for several months 
without further additions of ammonia. The concentration of ammonia 
must be kept low to avoid corrosion of brass parts of the system. The use 
of ammonia is not to be recommended where steam may come in contact 
with food or other materials. 

In view of the fact that corrosion is most frequently found in the 
return lines from special equipment, which constitute a relatively small 
part of the total piping in a building, a simple solution of the corrosion 
problem may be to use non-corroding materials in those certain portions 
of the piping system, since the higher cost will usually be an unappreciable 
portion of the total. Brass and copper are undoubtedly less subject to 
this type of corrosion than the ferrous metals, and considerable attention 
is now being given to corrosion-resistant linings for ferrous pipe. Cast- 
iron pipe, sometimes alloyed with other metals, also deserves con- 
sideration. 


^Corrosion in Steam Heating Systems, by F, N. Speller (A.S.H.V.E. Transactions, Vol. 34, 1928). 


PROBl.£M$ IN PRACTICE 


1 • What materials are used for pipes of heating systems? 

Steel pipe is generally used for steam piping and for return lines_ where corrosion is not 
particularly active. Where corrosion is an important factor it is good practice to use 
special corrosion-resistant ferrous alloys, or brass or copper pipe. 

2 • Why is thin-walled copper pipe made up with sweated joints? 

If the pipe were threaded it would be necessary to use at least standard-weight wall 
thiclmess on account of the metal removed in threading. Flared ends with coupling nuts 
may be used, but this construction is expensive and hard to keep tight. 
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3 • How are pipes designated in diameters of 12 in. and less? 

By weight and nominal size, referring to the approximate inside diameter. 

4 • How are pipe sizes designated in diameters of 14 in. and more? 

By wall thickness and outside diameter. 

5 • Why are expansion joints required in steam pipes? 

To care for the change in length of the line brought about by a change in temperature, 

6 • What devices are used for taking up expansion? 

Expansion joints, swivel joints, and the inherent flexibility of the pipe itself. 

7 • Where are swivel joints principally used? 

In branch connections to radiators, and in the risers of multi-story buildings where they 
are installed between the floor joists. 

8 • Name three grades of American Standard screwed pipe fittings. 

125-lb cast-iron, 150-lb malleable iron, and 250-lb cast-iron. 

9 # In wl^at sizes are American standard cast-iron flanges and flanged fittings 
for 25-lb saturated steam pressure made? 

In nominal sizes from 4 in. to 72 in., inclusive. 
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WATER SUPPLY PIPING 


Maximum Possible Flovo^ Maximum Probable Flow, Average 
Probable Flow, Factor of Usage, Kind of Pipe Used, Sizing of 
Risers, Sizing of Mains, Sizing of Systems, Hot Water Supply, 

Hot Water Storage 

D omestic water supply systems present the engineer with a design 
problem that requires combining the somewhat empirical rules and 
formulae in use with the more or less exact hydraulic principles involved. 
Unlike heating and ventilating layouts, there are practically no definite 
data for estimating the quantity of water likely to be consumed or the 
probable rate of water flow at any particular moment. 

Metered results in one building often show two or three times the 
metered amount in another building of the same size and with the same 
type of tenants. In hotels, one riser will often have an almost constant 
flow that may never be reached by another at peak load. In ofiice 
buildings, the women's toilets show a far greater daily consumption than 
those of the men, yet at no time will they approach the hourly consump- 
tion of the men's toilet during the first hour of the day. This condition 
has led to a multiplicity of rules of practice which vary as much as the 
data used. All must of necessity be based on an assumed rate of con- 
sumption and on an assumed probability of simultaneous use, and while 
the formulae employed may have been derived on sound technical bases 
the assumptions are often in error. 

To arrive at a safe standard, the approximate rate of flow of each 
fixture to be supplied must be known and the probable number of fixtures 
in use at any one time must be assumed. Obviously, the maximum 
number of fixtures assumed to be in use must be taken at the peak of 
demand and the lines must be made adequate to supply such a peak 
regardless of the riser or branch on which the demand may occur. This 
means that all water piping under the usual conditions will be over-sized. 

In tall buildings it is customary to divide the water supply systems, 
both hot and cold, into sections of 10 to 20 stories. Such zoning or 
sectionalizing is for the purpose of avoiding excessive pressures on the 
fixtures in the lower stories of each system. This limits the consideration 
of water pipe sizes to horizontal mains and to risers not exceeding 20 
stories in height or about 200 ftk 


Ut ia impractical to attempt to aize piping ao aa to produce the proper pressure on fixtures at different 
levels by employing friction, owing to the fact that this friction will be built up to the amount desired only 
in times of maximum demand and at all other times the friction will be only a fraction of the maximum 
friction so that the fixtures by this method are subjected to a varying pressure on the water supply line. A 
much more practical method is to throttle the flow at the fixture, or to use flow_ regulators, so that the 
quantity of water delivered will approximate the fixture demands and so that this is accomplished without 
splashing or noise. 
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For the purpose of this chapter the following terms will be used and 
should be clearly distinguished from one another: 

Maximum Possible Flow: The flow which would occur if the out- 
lets on all fixtures were opened simultaneously. This condition is seldom, 
if ever, obtained in actual practice except in cases of gang showers con- 
trolled from one common valve, and similar conditions. 

Maximum Probable Flow: The maximum flow which any pipe is 
likely to carry under the peak conditions. This is the most important 
amount to be considered in pipe sizing. 

Average Probable Flow: The flow likely to be required through the 
line under normal conditions. 

It is evident that any pipe adequate to take care of the maximum 



Number of Fixtures 


Fig. 1. Chart Showing Relation Between Number of Fixtures and 
Maximum Probable Percentage of Use 

probable flow will also be more than able to take care of the average 
probable flow, and hence the latter has no bearing on the pipe size. 

MAXIMUM PROBABLE FLOW 

There are two factors to be considered in calculating the maximum 
probable flow, namely, (1) the quantity of water that will flow from the 
outlets when they are open, and (2) the number of outlets likely to be open 
at the same time. Table 1 shows the maximum approximate rate of flow 
from each fixture when it is in use, and will serve as a guide in estimating 
maximum probable flow demands although there is considerable variation 
in different fixtures and valves. Probably the flow under normal water 
pressures, or with the pressure properly throttled, will not differ greatly 
from the values stated. With the aid of this table it is possible to calculate 
the maximum possible, flow with all outlets open in both the hot and cold 
water lines. 
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Factor of Usage 

To obtain the maximum probable flow it is necessary to multiply the 
maximum possible flow by a factor of usage, and this factor varies with the 
installation and the number of fixtures in the installation. It is evident 
that with two fixtures it is quite possible that both will at some time be in 
operation simultaneously. With 200 fixtures, it is unlikely the entire 
200 would ever operate at the same time. Consequently, the factor of 
usage reduces as the number of fixtures becomes greater, all other things 
being equal. On the other hand it is probable that outside of flush valve 


Table 1. Approximate Flow from Fixtures Under Normal Water Pressures 


Fixtures 

Cold Water 
(Gallons per 
Mintjte) 

Hot Water 
(Gallons per 
Minute) 

Water-closets, flush valve 

50 a 

0 

Wpt<»r-r.1r>sptR, flush tank 

18 

0 

Tlrinalfi, flush valvf: ... . . 

40a 

0 

Urinals, flush tank 

18 

0 

Urinals, automatic tank 

1 

0 

Urinals, perforated pipe per foot 

10 

0 

T.avatnnVs . . . 

3 

3 

Slinwftrs, Fi tn in. h^ads 

3 

3 

Shnwf^rs, tiThiilar .... .. .. 

6 

6 

hath . . . 

30 

30 

Shampoo spray 

1 

1 

T.ivf^r spray 

2 

2 

Manicure table 

IH 

5 

IH 

5 

Baths, tub 

Kitchen sink 

4 

4 

Pantry sink, ordinary 

2 

2 

Pantry sink, large bibb 

6 

6 

Slop sinks 

4 

4 

Wash trays 

3 

3 





aActual tests on water-closet flush valves indicate 40 gpm as the maximum rate of flow with 30 lb pres- 
sure at the valve; this would increase to 60 gpm (about 60 per cent) at 90 lb pressure. The 50 gpm has been 
taken as an average flow; possibly, with very low pressures just sufficient to operate the flush valve, 30 gpm 
could be allowed with safety. Urinal flush valves would vary proportionately in the same manner. 

fixtures, the factor of usage would never be less than about 25 per cent no 
matter how many fixtures were installed, provided no fixtures in excess of 
those required for the actual occupancy were included. 

This factor, beginning at 100 per cent for two ordinary fixtures, 
decreases rapidly until 5 fixtures are reached and then becomes almost 
constant, as shown in the upper curve, Fig. 1. This applies to a normal 
building and not to institutions where the inmates may all be required, 
for instance, to bathe on certain days of the week and at certain hours of 
those days. In such special cases a new factor of usage must be developed 
based on the maximum probable usage under the conditions involved. 
For flush valve fixtures the quantity of water is greater, but owing to the 
short duration of the flush, the simultaneous usage drops more rapidly sc 
as to reach 1 per cent for 1000 fixtures as shown, on lower curve, Fig. 1^, 

*This can be proved by assuming, for example, 1000 water-closets which would not be used more thar 
six times per hour (or once every 10 minutes) and which require from 6 to 7 gal per flush or an average o 
about 6 gal. If these closets were all being used at their utmost capacity, the water demand would b< 
600 gpm. But average use would be about one-third of this and peak conditions would be in the neigh 
borhood of twice the average, or about 400 gpm as the maximum that would ever develop. Assuming 6( 
gpm as the maximum rate of flow per closet and 1 per cent of the total closets in operation, the rate woul< 
be 60 gpm X 1 per cent of ICKIO or 600 gpm. This is 100 gpm higher than obtained by the first method 
Indicaung an additional factor of safety over the first method. 
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Example 1 . Assume that in a normal building, such as a residential hotel or an apart- 
ment house, there are 50 flush valve water-closets, 50 lavatories, 50 sinks and 50 baths, 
and that it is desired to determine the maximum probable flow in a line supplying all of 
these fixtures with both hot and cold water. Fig. 1 shows a maximum probable use for 
50 water closets of about 8 per cent and for 150 ordinary fixtures, of about 31 per cent. 
Therefore: 


Cold Water 

50 W. C. X 50 gpm at 8 per cent 200 gpm 

50 Lavs. X 3 gpm 150 gpm 

50 Sinks x 4 gpm 200 gpm 

50 Baths X 5 gpm 250 gpm 

150 Fixtures 600 gpm at 31 per cent 186 gpm 

Total maximum probable flow of cold water._ 386 gpm 

Hot Water 

50 W. C None 

50 Lavs. X 3 gpm 150 gpm 

50 Sinks x 4 gpm 200 gpm 

50 Baths X 5 gpm 250 gpm 

150 Fixtures 600 gpm at 31 per cent 186 gpm 

Total for main supplying cold and hot water 572 gpm 

It should be noted that this is a rate of flow or an instantaneous demand. 


KIND OF PIPE USED 

Before entering into the actual sizing of pipe, it is necessary to consider 
the kind of pipe to be used, and to make suitable allowance for corrosion 
and fouling during the lifetime of the system. For example, if brass, 
copper or alloy pipe is contemplated, it is probable that the quantities 
indicated in Example 1 are ample; if galvanized pipe is to be used, then it 
is quite likely that after a period of say 15 years the area may be decreased 
as much as 25 per cent and the quantitities of water assumed should be 
increased by 35 per cent to allow for this reduction of area; if the water 
contains lime it is possible that 50 per cent of the area may be lost and in 
such cases the flow should be doubled and no branch pipe connected to 
fixtures should be less than ^ in. In all of the following calculations, the 
assumption is made that the water is fairly good and that a corrosion 
resistant type of pipe is to be used. 

SIZING A DOWN-FEED RISER 

^ Down-feed systems are commonly used for tall buildings. In sizing a 
riser arranged for down-feed, the gravity head permits a pressure drop 
that is almost prohibitive in an up-feed risen There is a gain in riser head 
of 0.43 X 100 or 43 lb per 100 ft of run and hence it is quite permissible 
to size such a riser on the basis of a pressure drop of 30 lb per 100 ft of run, 
as the difference between the 43 lb generated and the 30-lb drop under 
maximum probable demand is ample to take care of the friction caused by 
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the fittings. This method applied to the typical riser shown in Fig. 2 
gives the schedule of sizes indicated in Table 2 for any flow from 5 to 250 
gal. 


0 

£ 

w 

w 

Vi 

S 

Q 

W 

W 

pH 

1 

o 

Q 

o 

tn 

PI 

N 



o 






















N 

CO 


IN 

IN 

N 

IN 

(N 

IN 

<N 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 


O 

o 



















::^ 



(N 

CO 

(N 

IN 

IN 

(N 

IN 

IN 

CN 

IN 

IN 

IN 

N 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 


O 

lO 























CO 

(N 

IN 

IN 

N 

IN 

CN 

IN 

IN 

IN 

N 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 


125 

CO 

CM 

*■ «N 

IN 

N 

IN 

IN 

N 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

w 

H 

i 

o 

o 























IN 

IN 

IN 

N 


IN 

IN 

IN 

IN 

N 

IN 

IN 

IN 

CN 

IN 

IN 

N 

IN 

IN 

s 

o 





















g 

05 

(N 

!N 

(N 

IN 

(N 

IN 

IN 

N 

IN 

IN 

N 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

IN 

w 

Z 

o 







3 














0 


(N 

IN 

(N 


rH 

y-i 









rH 

rH 


iH 



< 

0 

o 






X 




X 











0 


<N 

rH 

rH 



rH 


rH 


rH 

rH 

rH 

rH 

rH 

rH 

rH 


rH 



o 







3 





3 









a 

a 

n 


IN 


rH 











1H 

rH 

rH 


rH 


rH 

o 





S 

S 

3 

X 


X 

X 






X 




n 

o 


(N 







rH 

rH 








rH 

rH 


rH 

& 

o 






3 



:s! 

X 



X 






is? 

is? 



(N 






rH 


tH 


rH 

rH 


rH 






rH 

1 

o 

S 




















CO 



r-i 


rH 

tH 






rH 


rH 

rH 

rH 



tH 



lO 

5 





















N 


*-< 

tH 


rH 

iH 



iH 

rH 



rH 


rH 


rH 

tH 




o 

3 





















w 


IH 


rH 

rH 

tH 

rH 



rH 

rH 

rH 

tH 




rH 

rH 


rH 


in 
















;s^ 


;s^ 

is? 




tH 

rH 


















o 








:s?: 



;st 

;2t 


;s? 

;st 

;§^ 

;5^ 



is? 


j 





:s!!: 




;st 






;s? 



is? 

is? 

i?^ 

Por- 

tion 

UK 

Riser 

h 

CO 


o 


o 




N:! 


>H 

&5 


bn 



CJ 

cq 



c E E C E i*- ni 

£ -B £ £ t f 


£££BS^£££S£^ 

1 ] 1 1 1 1 1 'l 'l 1 1 1 1 1 1.LLLU 


o 


tu o 


SIZING AN UP-FEED RISER 


When the riser is an up-feed, the opposite condition occurs; that is, 
there is a drop in pressure as the top of the riser is approached, due to the 
natural reduction in the gravity pressure, and to this must be added the 
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pipe friction plus that introduced by the pipe fittings, all of which produce 
an excessive drop when compared to the conditions existing with a down- 
feed riser. 

To size an up-feed riser the minimum pressure of the street main, or 
other source of supply, should be ascertained and from this should be 
subtracted the pressure to be maintained at the highest fixture, namely, 
15 lb per square inch, plus the height in feet above the source of water 
pressure, multiplied by 0.43 to change from feet of head to pounds of 
pressure. The total length of run from the source of pressure to the 
farthest and highest fixture should be ascertained, and this should be 
changed to equivalent length of run to allow for the loss occasioned by 
the pipe fittings. Table 3 gives the additional lengths necessary to allow 
for the various fittings and valves. The drop allowable in pressure per 
100 ft of run may then be obtained by multiplying the surplus pressure 
(over that required for the gravity head and to supply 15 lb at the fixture) 
by 100 and by dividing this by the equivalent length of run to the farthest 
or highest fixture. 

Example Assume a street pressure of 60 lb, the height of the highest fixture 50 ft, 
and the length of the longest run 200 ft. Without knowing the additional length of pipe 
to be added for the fittings it will be assumed that this is about 100 ft. The surplus 
pressure which will be available for pressure drop will then be 

60 lb - (15 lb + 50 ft X 0.43 lb) = 

60 lb - (15 lb + 21.5 lb) = 23.5 lb 


To change this into drop per 100 ft: 

23.5 lb X 100 
200 ft + 100 ft 


7.8 lb per 100 ft. 


The pipe may then be sized from the maximum probable flow by selecting a size that 
does not give a drop in excess of 7.8 lb per 100 ft. 


It will be seen from Example 2 that it is impossible to size up-feed 
risers without determining the drop allowable in both the horizontal feed 
mains and the toilet room branches. Having once ascertained this allow- 
able drop, it is simply a matter of applying it throughout the system. 


Table 3. Approximate Allowances for Fittings and Valves 
IN Feet of Straight Pipe 


SlZK OF PiPB 
(Inohis) 

Tips of Fitting or Valve 

90-Deg 

Elbow 

45-Deg 

Elbow 

Return 

Bend 

Gate 

Valve 

Globe 

Valve 

Angle 

VaWe 


4 

3 

8 

2 

48 

8 


5 

3 

10 

3 

60 

10 

1 

5 

3 

10 

3 

60 

10 


6 

4 

12 

3 

72 

12 


7 

5 

14 

4 

84 

14 

2 

7 

5 

14 

4 

84 

14 


10 

7 

20 

5 

120 

20 

3 

12 

8 

24 

6 

144 

24 

4 

18 

13 

36 

9 

1 216 

36 

5 

25 

18 

50 

13 

300 

50 

6 

30 

21 

60 

15 

360 

60 
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HORIZONTAL SUPPLY MAINS 

The horizontal mains supplying the risers at the top of a down-feed 
system must be liberally sized unless the house tank is set at a much 
higher elevation than usual. To provide a gravity head on the highest 
fixtures of 15 lb per square inch it is necessary for the water line in the 
house tank to be nearly 40 ft higher, and with the line loss considered this 
becomes about 45 ft. Such heights are not often practical and as a result 
the pressure on the highest fixtures either is reduced to 7 lb (which is 
sufficient to operate a flush valve), or flush tank water-closets are sub- 
stituted, or a separate cold and hot water supply is installed with a small 
pneumatic tank to give the increase in pressure necessary. The chief 
objection to the use of a pneumatic tank is that a separate hot water 
heater is required and this heater must be located either sufficiently 
below the highest fixtures to obtain a gravity circulation, or it must be 
provided with a circulating pump in order to force the hot water to the 
top floor level. 

The most common solution is to place the house tank as high as the 
structural and architectural conditions will permit and then to use 
liberally-sized lines between the house tank and the upper fixtures, say for 
the two top stories, below which the riser sizes may be reduced to those 
indicated in Fig. 2 and Table 2. Where the house tank is only one story 
above the top fixtures, flush tank water-closets must be used and the 
drop in the entire run from the house tank down to the farthest fixture 
should not exceed 1 lb ; the less, the better. This means that if the total 
equivalent run to the farthest top fixtures supplied is 300 ft, the drop per 

100 ft should not exceed ^ friction 

curves shown in Fig. 3 may be used for quickly determining the proper 
size of pipe to give any desired drop in pounds per 100 ft of equivalent run. 

OVERHEAD DISTRIBUTION MAIN 

Example S. Suppose an installation has a house tank in which the water line is 20 ft 
above the level of the top fixtures to be supplied and that the length of run to the 
farthest fixtures on this level is 400 ft with the pipe fittings adding another 200 ft, 
making an equivalent length of 600 ft. What would be the size of main coming out 
of the tank where a maximum flow rate of 400 gpm may be expected, of the horizontal 
main where a maximum flow rate of 200 gpm may be expected, and of the riser down to 
the fixture level where the maximum flow rate is approximately 100 gpm? 

Here the level of the water in the house tank is 20 ft above the faucet of the highest 
fixture and the gravity pressure will be 

0.43 lb X 20 ft - 8.6 lb 

and, if a total pressure drop of 1 lb is assumed, the pressure on the farthest fixture under 
times of peak load will be 

8.6 lb - 1 lb - 7.6 lb 

while the drop per 100 ft of equivalent run will have to be 

= 0.16671b. 

dUU 

Referring to Fig. 3 it' will be noted that where the flow through the main is 400 ^pm, an 
8 in. pipe would be required; that where the flow is reduced to 200 gpm, a 6-in. pipe 
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would be sufficient ; and that where the flow is 100 gpm in the riser branch and riser, a 
5-in. size would be correct. Of course these are somewhat excessive flows and the head 
from the tank is small so that large sizes are to be expected. It would be necessary to 
carry a 5-in. riser down to the branch to the top floor, then reduce to 4 in. for the 
branch to the floor below the top,’ and below this the sizes in Table 2 could be followed. 
In such a case, flush tank closets should doubtless be substituted. 

Had the tank been set 10 ft higher, the head available to be used up in friction, but 



Fig. 3. Chart Giving Friction Losses for Various Rates of Flow of Water 


still giving the same pressure at the top fixtures, would have been 0.43 lb X 10 ft or 4.3 lb 
greater and this, with the 1 lb drop used previously, would give a total allowable drop of 

1 lb + 4.3 lb == 5.3 lb 

which, divided by the 600 ft equivalent run gives a drop per 100 ft of 

5.3 X 100 


600 


= 0.9 lb 


and, with this drop, the sizes according to the chart (Fig. 3) are 6 in., 4 in., and 4 in,, 
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the top floor, that the length of run from the tank to the farthest fixture is 200 ft, equiva- 
lent length of fittings 100 ft, and the pressure required at the fixture is 7 lb. 

The 30-ft head is equal to a static pressure of 0.43 X 30 or 12.9 lb per square inch and 
to maintain a pressure of 7 lb at the highest fixtures the drop allowable in pressure is 
12.9 — 7.0 lb or 5.9 lb. As the total equivalent run is 300 ft, this is a drop per 100 ft of 
1.97 lb, or practically 2 lb. Therefore, all risers and mains from the top floor back to the 


Table 4. Typical Calculation of Pipe Sizes on Down-Feed Riser with 
Flush Valve Water-Closets and Urinals 

Riser No. 1. {See Fig. 4) 


Floor 

Fixtures 

Gpm 

Maximum 

Probable 

Probable 

Probable 

Allowable 

Pipe 

OF 

ON 

PER 

Fixtures 

Use 

Fixtures 

Riser 

Drop 

Size 

Bldg. 

Floor 

Fixture 

Gpm 

(per cent) 

Gpm 

Gpm 

Lb period Ft 

In. 

1st 

1 S. S. 

4 

4 

100 

4 

4 

30 

H 

2nd 

1 S. S. 

4 

4 

100 

4 










8 

30 


3rd 

1 S. S. 

4 

4 







3 


12 

80 

10 

10 

30 

H 

4th 

10 Lav. 

3 

30 







13 


42 

45 

19 

19 

30 

1 

5th 

4 W. C. 

60 

200 







2 U. 

40 

80 







6 


280 

40 

112 





3 Lav. 

3 

9 







16 


51 

45 

22 

134 

30 

2 

6th 

4 W. C. 

50 

200 







2 U. 

40 

SO 







12 


560 

25 

140 





3 Lav. 

3 

9 







19 


60 

42 

26 

165 

30 

2 

7th 

4 W. C. 

50 

200 







2 U. 

40 

80 







18 


840 

18 

151 





3 Lav. 

3 

9 







22 


69 

40 

28 

179 

30 

2H 

8th 

4 W. C. 

50 

200 







2 U. 

40 

80 







24 


1120 

15 

168 





3 Lav. 

3 

9 







26 



40 

31 

199 

2 

4 






— 





tank must be sized on the basis of a drop of 2 lb per 100 ft. Tables 4,6,6 and 7 show the 
schedule for Risers No. 1, 2 and 3 with the maximum possible flow taken from Table 1, 
the percentage of use at the peak taken from Fig. 1, and the maximum probable flow at 
the peak worked out for each portion of the riser, the riser sizes being taken from Table 2 
as far as possible and from Fig. 3 where the amounts exceed the values given in this 
table; a drop of 30 lb per 100 ft is used except on the riser from the top floor back to the 
tank where 2 lb per 100 ft is the allowable limit. 

The reduction in pipe size which would occur if flush tank water-closets were used on 
the top floor and only 3 lb pressure used on the fixtures is given in Tables 8 and 9. 
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This illustrates why flush tank closets so frequently are substituted on the uppermost 
floor when a house tank is the source of water pressure. 

If it is now assumed that Riser No. 1 is to be fed from the bottom and the minimum 
street pressure is 75 lb with the top fixture of the riser 80 ft above the main, the problem 

Table 5. Typical Calculation of Pipe Sizes on Down-Feed Riser with 
Flush Valve Water-Closets and Urinals 


Riser No. 2 . {See Fig. 4) 


Floor 

Fixtures 

Gpm 

Maximum 

Probable 

Probable 

Probable 

Allowable 

Pipe 

OF 

ON 

PER 

Fixtures 

Use 

Fixtures 

Riser 

Drop 

Size 

Bldg. 

Floor 

Fixture 

Gpm 

(per cent) 

Gpm 

Gpm 

Lb period Ft 

In. 

1st 

1 W. C. 

50 

50 

100 

50 

50 

30 

IH 

2nd 

2 W. C. 

50 

100 







1 U. 

40 

40 







4 


190 

50 

95 





1 Lav. 

3 

3 

100 

3 

98 

30 


3rd 

4 W. C. 

50 

200 







2 U. 

40 

80 







10 


470 

30 

141 





3 Lav. 

3 

9 







4 


12 

70 

8 

149 

30 

2 

4th 

4 W. C. 

50 

200 







2 U. 

40 

80 







16 


750 

20 

150 





3 Lav. 

3 

9 







7 


21 

70 

14 

164 

30 

2 

5th 

6 W. C. 

50 

300 







22 


1050 

15 

157 





4 Lav. 

3 








11 


33 

48 

16 

173 

30 

2 

6th 

6 W. C. 

50 

300 







28 


1350 

12 

162 





4 Lav. 

3 

12 







15 


45 

45 

20 

182 

30 

2 

7th 

6 W. C. 

50 

300 







34 


1650 

10 

165 





4 Lav. 

3 

12 







19 


57 

42 

24 

189 

30 

2^ 

8th 

6 W. C. 

50 

300 







40 


1950 

9 

175 





4 Lav. 

3 

12 







23 


69 

40 

27 

202 

2 

4 


would be solved by determining the maximum rate of flow in each portion of the riser as 
shown in Table 10 and then finding the allowable drop which can be used per 100 ft. 
The 80 ft of riser height will use up 

0.43 lb X 80 = 34.4 lb 
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and the pressure at the top of the required 15 lb will make the total reduction 49.4 lb, 
leaving a balance of 25.6 lb which may be used up in friction. If the distance from the 


Table 6. Typical Calculation of Pipe Sizes on Down-Feed Riser with 
Flush Valve Water-Closets and Urinals 
Riser No. S. (See Fig. 4) 


Floor 

Fixtures 

Gpm 

Maximum 

Probable 

Probable 

Probable 

Allowable 

Pipe 

OF 

ON 

PER 

Fixtures 

Use 

Fixtures 

Riser 

Drop 

Size 

Bldg. 

Floor 

Fixture 

Gpm 

(per cent) 

Gpm 

Gpm 

Lb per 100 Ft 

In. 

Ist 

1 S. S. 

4 

4 

100 

4 

4 

30 

H 

2nd 

3 W. C. 

50 

150 

SO 

120 





1 Lav. 

3 

3 







2 


7 

100 

7 

127 

30 

2 

3rd 

0 W. C. 

0 

000 







3 


160 

80 

120 





2 Lav. 

3 

6 







4 


13 

70 

9 

129 

30 

2 

4th 

3 W. C. 

50 

150 







6 


300 

40 

120 





1 Lav. 

3 

3 







1 S. S. 

4 

4 







6 


20 

55 

11 

131 

30 

2 

5th 

0 W. C. 

0 

000 







6 


300 

40 

120 





1 S. S. 

4 

4 







7 


24 

53 

13 

133 

30 

2 

6th 

0 w. c. 

0 

000 







6 


300 

40 

120 





1 S. S. 

4 

4 

1 






8 


28 

51 

14 

134 

30 

2 

7th 

0 W. C. 

0 

000 







6 


300 

40 

120 





1 S. S. 

4 

4 







9 


^32 

50 

16 

136 

30 


8th 

0 W. C. 

0 

000 







6 


~300 

40 

120 





1 S. S. 

4 

4 







10 



48 

17 

137 

2 

3 











street main to the bottom of the riser, which will be assumed to be the farthest one on the 
horizontal line, is 100 ft, and if the fittings are sufficient to add another 100 ft, as well as 
the 80 ft of vertical distance up the riser, the total equivalent run will be 280 ft, which 
will be taken as an even 300 ft. Then the allowable drop per 100 ft will be 


25,6 lb X 100 
300 “ 


8.5 lb 


and the sizes shown in Fig. 5 are based on this amount of drop. Of course the other 
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risers will have the same maximum flows at the bottom as they formerly had at the top, 
namely 202 and 137 gal, respectively, for Risers No. 2 and 3. Combining these maxi- 
mum flows in the same manner as pursued in the down-feed system it is seen that the 
maximum flow between Riser No. 2 and Riser No. 3 is 296 gpm, and between Riser 
No. 3 and the street main, 297 gpm which at a drop of 8.5 lb gives the main sizes 
indicated. It will be noted that in determining the maximum flow in an up-feed riser 


Table 7. Size of Distribution Main for Down-Feed Systems (See Fig. 4) 


Riser 

No. 

Fixtures 

GPM PER 

Fixture 

Maximum 

Fixtures 

GPM 

Probable 

Use 

(Per Cent) 

Probable 

GPM 

Allowable 
Drop (Lb 
per 100 Ft) 

Size of 
Main 
(Inches) 


16 W. C. 

50 

800 






8 U. 

40 

320 






24 


1120 

15 

168 



1 

22 Lav. 

3 

66 






3 S. S. 

4 

12 






25 


78 

40 

31 








199 

2 

4 


35 W. C. 

50 

1750 






5 U. 

40 

200 






64 


3070 

8 

245 



2 

23 Lav. 

3 

69 






48 


147 

35 

51 








296 

2 

5 


6 W. C. 

50 

300 






70 


3370 

7 

236 




4 Lav. 

3 

12 





3 

6 S. S. 

4 

24 






58 


183 

33 

61 








297 

2 

5 


it is necessary to begin at the top floor and work down instead of beginning at the bottom 
floor and working up as was done in the down-feed sizing. 

SIZING UP-FEED AND DOWN-FEED HOT WATER SYSTEMS 

Hot water supply systems, when of the circulating type, have a few 
differences to be considered although the same general principles of sizing 
apply to these lines as to the cold water lines. Owing to the fact that 
there are no flush valves on the hot water piping and also because many 
plumbing fixtures have no hot water connections, the sizes of the hot 
water piping in general will be considerably less than the cold water 
piping in the same building. On the other hand it is almost invariably 
required that a gravity circulation be kept up in such hot water lines and 
this often has a considerable influence on the size. There are three 
methods of arranging circulation lines, as follow : 

1. By using the plain up-feed with a return carried back from the top of the riser and 
paralleling it. 

2. By carrying a supply riser up in one location thus supplying fixtures on up-feed, 
then crossing over at the top and coming down past another collection of fixtures and 
supplying these by a down-feed. 

3. By carrying all of the water to the top of the building and dropping risers wherever 
needed, feeding all hot water on a down-feed system, 
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Table 8. Typical Calculation of Pipe Sizes on Down-Feed Risers with 
Flush Tank Water-Closets and Urinals on Top Floor Only (See Fig. 4) 


Floor 

Fixtures 

GPM 

Max. 

Probable 

Probable 

Probable 

Allowable 

Pipe 

OF 

ON 

•PER 

Fixt. 

Use 

Use 

Riser 

Drop 

Size 

Bldg. 

Floor 

Fixt. 

GPM 

(per cent) 

GPM 

GPM 

Lb per 100 FT 

In. 


J^iser No. 1 


7th and 
below 

12 W. C. 
6U. 

50 

40 

3 

4 

600 

240 

18 

40 

151 

28 

179 

30 

18 

19 Lav. 

3 S. S. 

840 

57 

12 

22 

69 

8th 

0 W. C. 

00 

000 






OU. 

00 

000 






18 


840 

18 

151 




4 W. C. 

18 

72 






2U. 

18 

36 






3 Lav. 

3 

9 






31 


186 

37 

69 

220 

3.3 


Riser No. 2 


7th and 
below 

29 W. C. 

5 U. 

50 

40 

3 

1450 

200 

10 

42 

165 

24 

189 

30 

2H 

34 

19 Lav. 

1650 ■ 

57 

8th 

0 W, c. 

00 

000 







OU. 

00 

000 







34 


1650 

10 

165 





6 W. C. 

18 

108 







4 Lav. 

3 

12 







29 


177 

38 

67 

232 

3.3 

4 











Riser No. S 


7th and 
below 

GW. C. 

5S. S. 

4 Lav. 

50 

4 

3 

300 

20 

12 

40 

50 

120 

16 

136 

30 

2H 

9 

32 

8th 

0 W. C. 

00 

000 







6 


300 

40 

120 





1 S. S. 

4 

4 







10 


36 

48 

17 

137 

3.3 

3 






— — 
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The last method is usually the most satisfactory. (See Fig. 6.) 

In the first instance the up-feed riser may be sized for the same pressure 
drop as used for the cold water riser and, from the top of the riser just 
below the top fixture connection, a return circulation line may be carried 
back to the main return line in the basement and connected through a 
check valve, set on a 45-deg angle, and a gate valve; these return circu- 
lation lines should never be less than % in., and on the farther half of the 
risers, not less than 1 in. to favor circulation in the far end. Typical top 
and bottom connections for such risers are shown in Fig. 7. 


8 th. 

4W.C.-F. V. 
2U.-F.V. 

^ 3 Lav. 

7 th. 

„ 4W. C.-F.V. 

24 2U.-F.V. 

4 3L3V. 

6th. 

4W. C.-F.V. 
24 2U.-F.V. 

3 Lav. 

5th. 

4W.C.-F.V. 

2U.-F.V. 

3 Lav. 

4th. 

3" 10 Lav. 

3rd. 

3" 1S.S. 

2nd. 

3" 1 S. S. 

1st. 

3" 1 S. S. 

it— 


,3 3" Main 


(I) 

Fig. 5. Up-Feed 
System 


For the second arrangement of hot water risers, circulation lines are 
run back from the last fixture supplied to the main return circulation line 
in the same manner as just described, using % in. for the near risers and 
1 in. for the far risers. The sizing is much more difficult, as it is necessary 
to start at the bottom floor of the return riser and work back to the top of 
this riser and then carry the maximum flow across onto the top of the 
corresponding supply riser and work down on this riser froni the top floor 
to the bottom. Naturally this gives a much greater flow in the supply 
riser and aids circulation by reducing pipe friction. The allowable loss 
per 100 ft in such lines must be made about half that used for the cold 
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Fig. 6. Methods of Arranging Hot Water Circulation Lines 


water risers which do not have the combined up- and down-travel which 
the hot water must make. 

In the third and most common arrangement all of the water is carried 
from the tank or heater directly to the top of the building and is there 
distributed to the risers which are down-feed and may be sized in the 
regular down-feed manner if the total equivalent run either from the 
street main^ or house tank is taken into consideration. The return 
circulation lines from the botton of each riser should be arranged in the 
manner already outlined and any riser not going to the basement to 


Table 9. Summary of Riser Sizes to Given Main Sizes (See Fig. 4) 


Riser 

No. 

Fixtures 

GPM PER 

Fixture 

Riser 

GPM 

Probable 

Use 

(Per Cent) 

Probable 

GPM 

Allowable 
Drop (Lb 
PER 100 Ft) 

Size of 
Main 
(Inches) 


12 W. C. 

50 

600 






6 U. 

40 

240 





1 

18 


840 

18 

161 




31 FIxt. 


186 

37 

69 








220 

3.3 

4 


29 W. C. 

60 

1450 1 






5U. 

40 

200 


1 




52 


2490 

8 

199 



2 

29 Fixt. 


177 






60 


"3^ 

33 

120 








"319 

3.3’ 

4 


6 W. C. 

60 

300 






58 


2790 

7 

196 



3 

10 Fixt. 


36 





70 


399 

33 

131 








326 

3.3 

4 
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Table 10. Typical Calculation of Pipe Sizes on Up-Feed Riser with 
Flush Valve Water-Closets and Urinals (See Fig. 5) 


1 

Floor 

Fixtures 

1 

1 Gpm 

Maximum 

Probable 

Probable 

Probable 

Allowable 

Pipe 

OF 

ON 

PER 

Fixtures 

Use 

Fixtures 

Riser 

Drop j 

Size 

Bldg. 

j 

Floor 

Fixture 

Gpm 

(per cent) 

Gpm 

Gpm 

Lb per 100 Ft 

In. 


Riser No. 1 


8th 

4 W. C. 

2 U. 

50 

40 

200 

80 







6 

3 Lav. 

. 3 

280 

9 

40 

80 

112 

7 

119 

8.5 

2H 

7th 

4 W. C. 
2U. 

50 

40 

200 

80 







12 

3 Lav. 

3 

660 

9 

25 

140 





6 


18 

55 

10 

150 

8.5 

21-3 

6th 

4 W. C. 

2 U. 

60 

40 

200 

80 







18 

3 Lav. 

3 

840 

9 

18 

151 





9 


27 

50 

14 

165 

8.5 

2,1/3 

5th 

4 W. C. 

2 U. 

50 

40 

200 

80 







24 

3 lav. 

3 

1120 

9 

IS 

168 





12 


36 

47 

17 

185 

8.5 

3 

4th 

24 W. C.« 
and U. 

10 Lav. 

3 

1120 

30 

16 

108 





22 



40 

27 

195 

8.5 

3 

3rd 

24 W. C.« 
and U. 

1 S. S. 

4 

1120 

4 

16 

108 





23 



40 

28 

196 

S.5 

3 

2nd 

24 W. 
and U. 

1 S. S. 

4 

1120 

4 

16 

168 





24 



40 

30 

198 

8.5 

3 

Ist 

24 W. €.<* 
and U. 

1 s. a 

4 ’ 

1120 

4 

15 

168 





26 



40 

31 

109 

8.6 

3 


«From floors above. 
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supply fixtures must have these returns carried down to the basement 
from the termination of the supply riser at whatever level it may end. 

All risers, both hot and cold, should be valved at the main with an 
extra check valve on the hot water return circulation so that the risers 
may be cut off and repaired when necessary without disturbing the 
service in the remainder of the system. 

HOT WATER SUPPLY 

Having designed the service hot water piping, the next step is to furnish 




Fig. 7. Supply and Return 
Main Connections for Hot 
Water Supply System 


some means of heating the water and in this respect it is necessary to pass 
from the maximum probable flow to the maximum probable hourly 
demand, which is quite different. If an instantaneous heater were used, 
it would require adequate capacity to provide for the heating of the water 
as fast as it is drawn and a heater of this type should be sized on the basis 
of the maximum probable flow with the accompanying heavy drafts on 
the heating device and with intervals of no draft at all. To balance these 
inequalities of flow the storage-type heater is often utilized so that the 
water demand can be heated during periods of light demand and stored 
up for use during the periods of heavy demand. The total water con- 
sumption per person usually varies between 100 and 160 gal per day when 
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laundry and culinary operations for the occupants are carried out on the 
same premises. The maximum hourly demand under these conditions 
will be found to be about one-tenth of the average daily consumption. 

If one-third of the total water used is hot water and 125 gal per day is 
assumed as a fair average of consumption per person, it is apparent that 
each person uses about 40 gal of hot water per day. If one- tenth of this 
represents the peak hourly load, then 4 gph must be allowed per person 
for the heaviest demand. If the average occupancy of apartments is 
3 persons, the peak hour demand per apartment will be about 12 gph. It 
is customary to allow 10 gph of heating capacity per apartment. Water 
in excess of this heating capacity drawn out during the peak hours is 
provided for by storage in the hot water tank where this water is heated 
during hours when the demand is below the average. 


HOT WATER STORAGE 


The amount of storage provided in the hot water tank or heater is 
somewhat a matter of choice but is usually made ample to carry over the 
peak shortage which is likely to occur and is based on the assumption that 
only 75 per cent of the storage capacity will be available, as it has been 
found that if more than this amount is withdrawn from storage, the tank 
is so cooled down as to make the balance useless. The general rule may 
be cited that the less the heating capacity the greater must be the storage, 
and the greater the storage the less may be the heating capacity down to a 
point where the heating capacity will fail to be sufficient to heat up the 
tank storage during the periods of small load. 

Example 5. A heater to supply 500 persons will have an average daily use of about 


and this is an average of 


500 X 40 gal = 20,000 gal 


20,000 gal 
" 24 


= 833 gph 


but the peak hour will require 

Ho of 20,000 = 2,000 gal 

and the shortage during the peak hour, if the heating capacity is made to suit the average 
hourly use of 833 gal, will be 

2,000 - 833 = 1167 gal 


so that the storage capacity, based on 75 per cent being available from this capacity 
without cooling the tank excessively, will be 


1167 

a75 


= 1556 gal 


Should it be desired to reduce the size of storage tanks and to use a greater heating 
capacity, it is only necessary to increase the heating capacity to say 1200 gph which then 
gives 

2,000 - 1200 - 800 gal 

as the shortage during the peak hour, and the necessary storage will be 

= 1067 gal; 


or the heating capacity can be increased to 1500 gal, leaving a shortage of 

2000 - 1500 « 500 gal 
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Table 11. Ordinary Maximum Hourly Demand for Hot Water for Various 
Fixtures in Gallons and Probable Percentage of Usage 


Ttpk of j 

Building ' 

j 

Lavatories 

Baths 

Showers 

Slop 

Sinks 

Kitchen 

Sinks 

Pantry 

Sinks 

Foot 

Baths 

Wash 

Trays 

Av. 

Max 

Uses 

Private 

Public 

Maximum 











Probable 

Usage 

20 

20 

40 

300 

30 

30 

20 

20 

50 


GPM 












Probable Usage in Per Cent of Maximum Ordinary Use 


1 

1 

Apt. house 

25 

50 

33 

67 

67 

33 

50 

25 

60 

35 

Club 

25 

75 

50 

67 

67 

67 

100 

25 

80 

60 

Gym.^ 

25 

100 

100 

100 




100 


80 

Hospital 

25 

75 

50 

33 

67 

67 

100 

25 

80 

45 

Hotel 

25 

100 

50 

33 

100 

67 

100 

25 

80 

70 

Industrial 

25 

150 

100 

100 

67 

67 


100 


90 

Laundries 

25 

100 



S3 




100 

100 

Office building 

25 

75 



50 

.... 




20 

Baths 

25 

150 

150 

100 

50 

.... 




100 

Residences 

25 


50 

33 

50 

33 

50 

50 

60 

50 

Schools 

25 

75 


100 

67 

33 

100 

50 


25 

Y. M. C. A. 

25 

100 

100 

100 

67 

67 

100 

100 

80 

75 


aPercentage of fixturea likely to be demanding maximum probable usage at any one time. 


Table 12. Hot Water Consumption in Various Types of Buildings 
FOR Different Purposes 


Type of Building 


CoimmoNS 

Gallons 


Room with basin only 

Room with bath 

(Transient) 

10 (per day) 

40 (per day) 

Hotels 

< 

( 

.Men) 

jMixed) 

40 (per day) 

60 (per day) 


( 

[Women) 

80 (per day) 


Two-room suite and bath 

80 (per day) 


Three-room suite and bath 

100 (per day) 


Public bath or lavatory 

150 (per day per fixture) . 

Buildings 

Public shower 

200 (per day per fixture) 

Public lavatory with attendant 

200 (per day per fixture) 


Per office employee 

2 (per day) 

5 (per day) 

Industrial 

Per factory employee 

Buildings 

Cleaning 

floors 

3 (per 1000 sq ft per day) 


$0.50 Meals 

0.5 (per customer with hand washing) 
1.0 (per customer with machine 
washing) 

Restaurants 

$1.00 Meals 

1.0 (per customer with hand washing) 

2.0 (per customer with machine 

washing) 


$1.50 Meals 

1.6 (per customer with hand washing) 
4.0 (per customer with machine 
washing) 
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and the storage required only 


500 

0.75 


667 gal. 


Good design requires that the heating capacity be made as small as 
possible without introducing undesirable amounts of storage, as the 
heating capacity directly determines the load on the source of heat. 

As indicated in Example 5, the heating load is proportional to the 
heating capacity and the boiler capacity must be increased for higher 
heating capacities and may be reduced for smaller heating capacities with 
greater storage. It may be assumed that a boiler capacity of about 3J4 
sq ft^ of equivalent steam heating surface (radiation) must be provided 
for every gallon of water heated 100 F or from 50 F to 150 F, which is 
the temperature rise most commonly assumed and required. On this 
basis it will be seen that the various conditions cited in Example 5 will 
require additional boiler capacity as follows: 


Heating Capacity 
(gph) 

833 

1200 

1500 


Additional Boiler Capacity 
(Sq Ft EDR) 

2916 

4200 

5250 


From this it is apparent that it is less costly to provide ample storage 
and to reduce boiler capacity than to diminish the storage and supply a 
greatly increased boiler capacity to compensate. 


ESTIMATING HOT WATER DEMAND BY FIXTURES 

In buildings where the occupancy is doubtful and only the number of 
plumbing fixtures can serve as a basis for determining the probable hot 
water demand, the problem is not so simple owing to the fact that a 
fixture gives no information as to how heavy a service may be demanded 
from the fixture and this amount of service is really the governing factor 
in making an estimate of the probable hot water demand. Table 11 may 
prove of some value in this respect as it gives the maximum assumed 
quantity of hot water per hour which will be demanded of any fixture and 
then gives a percentage of this amount which may be assumed as probable 
in different types of buildings. Table 12 gives approximate hot water re- 
quirements in various types of buildings. 

Example 6. Let it be assumed that an apartment house with 20 apartments has 20 
baths, 20 lavatories, 20 kitchen sinks and 20 laundry trays; what is the probable maxi- 
mum hourly demand for hot water? 


20 Baths at 40 gal and 33 per cent 270 gal 

20 Lavs, at 20 gal and 25 per cent 100 gal 

20 Sinks at 30 gal and 33 per cent 200 gal 

20 Trays at 60 gal and 60 per cent : 600 gal 

Total 1170 gal 

Probable peak use at one time - 35 per cent 

Probable actual peak demand 409 gph 

lOO X 8 33 

, ’Actual requirement for 100-deg tempeiature difference - — ” 24 0~ " “ gallon oC 

water heated. 
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If three persons are assumed to an apartment the total daily use of hot water should 
approximate 


20 X 3 X 40 gal = 2400 gal 


and if the peak hour is 10 per cent of this amount, the peak hour by this method shows a 
probable demand of one-tenth of 2400 gal, which indicates that the values in Table 7 
are safe. 


PROBLEMS IN PRACTICE 

1 • Why is it impractical to size water supply piping so pipe friction will pro- 
duce an equal pressure on each fixture? 

Because the friction would be built up only in periods of maximum flow and at all other 
times it would be only a fraction of that required. 

2 • What is the purpose of zoning water supply systems in tall buildings? 

To avoid excessive pressures in the lower stories. 

3 • Define the maximum possible flow, the maximum probable flow, and the 
average probable flow. 

The maximum possible flow is the flow which would occur if all of the outlets on the 
system were opened at one and the same time. The maximum probable flow is the flow 
which will occur with probable peak conditions. The average probable flow is the flow 
likely to occur under a normal condition of use. 

4 • What is the factor of usage? 

This is the percentage of the maximum possible flow which is likely to occur at peak load. 

5 • Within what limits docs the factor of usage lie? 

From 100 per cent for a single fixture down to about 28 per cent for 1000 fixtures of 
ordinary type, and from 100 per cent for a single fixture down to about 1 per cent for 
1000 fixtures of the flush valve type. 

6 • How many feet higher than the uppermost fixtures must the water line in 
a house tank be to provide about 15 lb per square inch pressure at the fixture 
outlet? 

Allowing for pipe losses, about 45 ft. 

7 • What methods of hot water circulation commonly are employed with hot 
water supply systems? 

a. Upfeed risers with returns having no connections paralleling the risers. 
d. Upfeed risers with returns in other locations, and with connections taken off both 
supply and return. 

c. One main upfeed riser, without connections, supplying all downfeed risers for all 
fixtures. 

3 • Which method of hoi water supply generally is the most satisfactory? 

The single main upfeed riser supplying drop risers for all fixtures. 

9 • How much of the water stored in a hot water storage lank really is available 
for use? 

About 75 per cent, because when only 25 per cent of the original water remains in the 
tank it has been so cooled down by the entering water that it is too cold for satisfactory 
use. 

10 • In cases of intermittent demand, does a large hot water storage tank 
increase or decrease the steam load for water heating? 

It decreases the steam load in cases of intermittent demand but causes no change in the 
steam load if the demand is constant. 
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INSULATIOIV OF PIPING 


Heat Losses from Bare Pipes, Steam and Hot Water Lines, Low Tem- 
perature Pipe Insulation, Pipe Sweating, Heat Losses from Pipe 
Surfaces, Thickness of Pipe Insulation, Underground Insulation 

P ipe insulation performs an important function in preventing loss of 
heat where steam or hot water are conveyed from one part of a 
building to another, and in reducing the absorption of heat by cold pipes 
as well as preventing condensation on the outer surfaces. 

BARE PIPE LOSSES 

Heat losses from horizontal bare iron pipes, based on data obtained 
from tests conducted at the Mellon Institute, are given in Table 1. These 
losses are expressed in Btu per hour per linear foot of pipe per degree 
Fahrenheit difference in temperature between the steam or hot water in 
the pipe and the air surrounding the pipe. The monetary value of the 
loss of heat given in Table 1 may be obtained by means of Fig. 1 for 
various heating system efficiencies, temperature differences, and calorific 
values and costs of coal. To solve a problem, select the proper heat loss 
coefficient from Table 1 and locate this value on the upper left hand 
margin of the chart. Then draw lines in the order indicated by the 
dotted lines, the dollar value of the heat loss per 100 linear feet of pipe per 
1000 hours being given on the upper right hand scale. In using this 
chart, the cost of coal should also include the labor for handling it, boiler 
room expense, etc. For additional information on this subject refer to 
paper entitled Heat Emission from Iron and Copper Pipeh by F. C. 
Houghten and Carl Gutberlet. 

In order to determine heat losses per linear foot of pipe from known 
losses per square foot, it is necessary to know the area in square feet per 
linear foot of pipe. Table 2 gives these areas for various standard pipe 
sizes while Table 3 gives the area in square feet for flanges and fittings 
for various standard pipe sizes. 

Very often, even where pipes are thoroughly insulated, flanges and 
fittings are left bare due to the belief that the losses from these parts are 
not large. However, the fact that a pair of 9-in. standard flanges having 
an area of 3.00 sq ft would lose, at 100 lb steam pressure, an amount of 


1A.S.H.V.E. Transactions, Vol. 38, 1932. 
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Table 1. Heat Losses from Horizontal Bare Iron Pipes 


Expressed in Btu per linear foot per degree Fahrenheit difference in temperature between the 
pipe and surrounding still air at 70 F 


Nominal 

Pepb 

Hot Water 

Steam 

120 F 

150 F 1 

180 F 

210 F 

227.1 F 
(5 Lb) 

297.7 F 
(SO Lb) 

337:0 
(100 Lb) 

Size 








(Inches) 



Tempirattob Dipfebbncb 




50 F 

80 P 

110 F 

140 F 

157.1 F 

227.7 P 

267.9 F 


0.543 

0.S73 

0.605 

0.638 

0.656 

0.742 

0.796 


0.660 

0.690 

0.729 

0.762 

0.781 

0.886 

0.955 

1 

0.791 

0.829 

0.878 

0.920 

0.953 

1.084 

1.166 

1J4 

0.979 

1.02 

1.087 

1.15 

1.184 

1.345 

1.450 

13^ 

1.09 

1.15 

1.220 

1.29 

1.335 

1.520 

1.640 

2 

1.34 

1.40 

1.491 

1.58 

1.637 

1.866 

2.015 

2H 

1.58 

1.67 

1.778 

1.87 

1.937 

2.215 

2.388 

3 

1.88 

1.99 

2.100 

2.22 

2.301 

2.641 

2.853 

3H 

2.13 

2.24 

2.380 

2-51 

2.585 

2.972 

3.215 

4 

2.36 

2.50 

2.650 

2.78 

2.873 

3.312 

3.582 


2.60 

2.75 

2.920 

3.08 

3.170 

3.655 

3.956 

5 

2.87 

3.02 

3.200 

3.38 

3.493 

4.030 

4.368 

6 

3.39 

3,56 

3.775 

4.01 

4.115 

4.755 

5.153 

8 

4.32 

4.55 

5.050 

5.14 

5.270 

6.120 

6.635 

10 

5.32 

5.61 

5.925 1 

6.34 

6.551 

7.592 

8.245 

12 

6.25 

6,62 

6.995 

7.46 

7.670 

8.900 

9.670 


Table 2. Radiating Surface per Linear Foot of Pipe 


Nominal 

Pipe Size 
(Inches) 

Sttrpacb 

Area 
(Sq Ft) 

Nominal 

Pipe Size 
(Inches) 

Surface 
Area 
(Sq Ft) 

Nominal 

Pipe Size 
(Inches) 

Surface 

Area 
(Sq Ft) 


0.22 

2 

0.622 

5 

1.456 

H 

0.275 

2H 

0.753 

6 

1.734 

1 

0.344 

3 

0.917 

8 

2.257 

134 

0.435 

3H 

1.047 

10 

2.817 

1}^ 

0.498 

4 

1.178 

12 

3.338 


Table 3. Areas of Flanged Fittings, Square Febt^ 


Nominal 

Pipe Size 

(Inches) 

Flanobd 

COUPLINO 

90 Deo Ell 

Long Radius 
Ell 

Tee 

Cross 

Standard 

Extra 

Heavy 

Standard 

Extra 

Heavy 

Standard 

Extra 

Heavy 

Standard 

Extra 

Heavy 

Standard 

Extra 

Heavy 

1 

0.320 

0.438 

0.795 

1.015 

0.892 

1.083 

1.235 

1.575 

1.622 

2,07 

IJi 

0,383 

0.510 

0.957 

1.098 

1.084 

1.340 

1.481 

1,925 

1.943 

2.53 


0.477 

0.727 

1.174 

1.332 

1.337 

1.874 

i 1,815 

2.68 

2.38 

3.54 

2 

0.672 

0.848 

1.65 

2.01 

i 1.84 

2.16 

2.54 

3,09 

3.32 

4.06 


0.841 

1.107 

2.09 

2.57 

2.32 

2.76 

3.21 

4.05 

4.19 

5.17 

3 

0.945 

1.484 

2.38 

3.49 

2.68 

3.74 

3.66 

5.33 

4.77 

6.95 

m 1 

1.1221 

1.644 

2.98 

3.96 

3.28 

4.28 

4.48 

6.04 

5.83 

7.89 

4 ! 

1.344 

1,914 

3.53 

4.64 

3.96 

4.99 

5.41 

7.07 

7,03 

9.24 


1.474 

2.04 

3.95 

5.02 

4.43 

5.46 

6.07 

7.72 

7,87 

10.07 

5 

1.622 

2.18 

4.44 1 

5.47 

5.00 

6.02 

6.81 

8.52 

8.82 

10.97 

6 

1.82 

2.78 

5.13 

6.99 

5.99 

7.76 

7.84 

10.64 

10.08 

13.75 

8 

2.41 

3.77 

6,98 

9.76 

8.56 

11.09 

10.55 

14.74 

13,44 

18.97 

10 

3.43 

5.20 

10.18 

13.58 

12.35 

15.60 

15.41 

20.41 

19.58 

26.26 

12 

4.41 

6.71 

13,08 

17.73 

16.35 1 

18.76 

19.67 

26,65 

24.87 

34.11 


•Including areas of accoltipanying flanges bolted ^ to the fittina* 
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Fig, 1. Chart for Estimating Dollar Value of Heat Loss 
FROM Bare Iron Pipes. (See Table l)a 

aXhis chart is based on 100 linear feet per 1000 hours. For fractions or multiples of these factors, 
multiply by proper percentage. 


heat equivalent to more than a ton of coal per year shows the necessity 
jfor insulating such surfaces. Table 3 shows the areas of both standard 
and extra heavy flanged fittings including the accompanying flanges 
bolted to the fittings. 

STEAM AND HOT WATER LINES 

The conductivities of various materials used for insulating steam and 
hot water pipes are given in Table 4. In this table the conductivities are 
given as functions of the mean temperatures or the mean of the inner and 
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Table 4, Conductivities (k) of Various Types of Insulating Materials 
FOR Medium and High Temperature Pipes^ 




Mean Temperature 



1 

100 F 1 

200 F 

300 F 

400 F 

500 F 

85 per cent Magnesia Type 

0.425 

0.465 

0.505 

0.550 

0.590 

Corrugated Asbestos Type 

(4 Plies per 1 in. thick) 

0.530 

0.650 

0.770 

0.890 


Corrugated Asbestos Type 

(8 Plies per 1 in. thick) 

0.480 

0.555 

0.630 

0.705 


Laminated Asbestos Type 

(30-40 Laminations per 1 in. thick) 

0.360 

0.415 

0.470 

0.525 

0.585 

Laminated Asbestos Type 

(20 Laminations per 1 in. thick) 

0.545 

0.605 

0.665 

0.725 

0.785 

Rock Wool Type 

0.350 

0.410 

0.470 

0.530 

0.590 

High Temperature Type 

(Diatomaceous Earth and Asbestos) 

0.515 

0.545 

0.575 

0.605 

0.635 

Brown Asbestos Type 

(Felted Fibre) 

0.600 

0.640 

0.675 

0.715 

0.750 


^Mechanical Engineers^ Handbook, Marks, 3rd Ed., 1930. 


outer surface temperatures of the insulations. This method of stating 
conductivities makes it possible readily to calculate the heat loss through 
single or compound sections. It should be emphasized that the con- 
ductivities given in Table 4 for the various insulations are the average of 
values obtained from a number of tests made on each type of material, 
also that all variables due to differences in thickness, pipe sizes, and air 
conditions are eliminated. Individual manufacturer’s materials will, of 
course, vary in conductivity to some extent from these values. 

The heat losses through six of the types of insulation given in Table 4 
for 1, and 2-in.-thick materials, and for temperatures commonly 
encountered in engineering practice can be obtained from Tables 5 to 10, 
inclusive. The loss through other thicknesses of the materials, and for 
other hot water or steam temperature conditions may be obtained by 
interpolation. The heat loss coefficients given in Tables 5 to 10 are 
based on the conductivities in Table 4 and were computed from data 
given in Chapter 22, The Guide 1931. 

LOW TEMPERATURE PIPE INSULATION 

Surfaces maintained at low temperatures should be insulated so as to 
retard the flow of heat from the outside into the low temperature area and 
to prevent the formation of condensation and of frost if the temperatures 
are low enough, as well as to prevent corrosion induced by the presence 
of condensed moisture on metal surfaces. Materials commonly used for 
insulating pipes and surfaces at low temperatures are cork, rock cork, 
hair felt and other felted or fibrous non-absorbent materials. Thermal 
cpnductivities of low temperature insulating materials are given in 
Chapter 5. 

Insulating materials are available commercially to meet varying tem- 
perature gradients. For example, the thickness of insulation for ice water 
is approximately 134 in, if the temperature in the line is not lower than 
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Table 5. Coefficients of Transmission {U) for Pipes Insulated 
WITH 85 Per Cent Magnesia Type Insulation 

These coefficients are expressed in Btu per hour per square foot of pipe surface per degree 
Fahrenheit difference in temperature between pipe and surrounding still air at 70 F 


Thickness 

or 

Insulation 

(Inches) 

Nominal 

Pipe 

Size 

(Inches) 

Hot Water 

Steam 

120 F 

ISO F 

180 F 

210 F 

227.1 F 
(5 Lb) 

297.7 F 
(50 Lb) 

337.9 F 
(100 Lb) 

Temperature Difference 

50 F 

80 F 

110 F 

140 F 

157.1 F 

227.7 F 

267.9 F 



0.744 

0.754 

0.764 

0.774 

0.779 

0.802 

0.814 


H 

0.672 

0.681 

0.689 

0.697 

0.701 

0.721 

0.731 


1 

0.613 

0.621 

0.629 

0.637 

0.641 

0.659 

0.670 


m 

0.562 

0.570 

0.577 

0.585 

0.589 

0.606 

0.617 



0.532 

0.539 

0.546 

0.553 

0.557 

0.573 

0.582 


2 

0.500 

0.506 

0.512 

0.519 

0.523 

0.538 

0.547 



0.475 

0.481 

0.487 

0.493 

0.497 

0.512 

0.520 


3 

0.455 

0.461 

0.467 

0.474 

0.477 

0.492 

0.500 

1 


0.441 

0.447 

0.452 

0.458 

0.462 

0.475 

0.483 


4 

0.429 

0.435 

0.441 

0.446 

0.449 

0.463 

0.471 



0.420 

0.425 

0.431 

0.437 

0.440 

0.453 

0.460 


5 

0.411 

0.416 

0.422 

0.427 

0.430 

0.443 

0.450 


6 

0.402 

0.408 

0.413 

0.419 

0.422 

0.435 

0.442 


8 

0.387 

0.392 

0.397 

0.403 

0.405 

0.418 

0.425 


10 

0.375 

0.380 

0.385 

0.390 

0.393 

0.405 

0.412 


12 

0.369 

1 0.374 

I 

0.378 

0.383 

0.386 

0.398 

0.405 



0.617 

0.625 

0.633 

0.642 

0.646 

0.665 

0.676 


H 

0.550 

0.558 

0.566 

0.573 

0.577 

0.596 

0.606 


1 

0.496 

0.503 

0.511 

0.518 

0.522 

0.540 

0.549 


IM 

0.453 

0.459 

0.465 

0.472 

0.475 

0.490 

0.498 



0.424 

0.430 

0.436 

0.442 

0.445 

0.459 

0.467 


2 

0.394 

0.400 

0.405 

0.410 

0.413 

0.427 

0.434 



0.371 

0.376 

0.382 

0.386 

0.389 

0.401 

0.408 


3 

0.352 

0.357 

0.362 

0.367 

0.370 

0.380 

0.387 



0.339 

0.343 

0.347 

0.351 

0.354 

0.364 

0.370 


4 

0.328 

0.333 

0.337 

0.341 

0.343 

0.353 

0.359 



0.320 

0.324 

0.328 

0.332 

0.334 

0.343 

0.350 


5 

0.312 

0.316 

0.320 

0.324 

0.326 

0.336 

0.342 


6 

0,303 

0.307 

0.311 

0.315 

0.318 

0.328 

0.333 


8 

0.287 

0.291 

0.295 

0.299 

0.301 

0.311 

0.316 


. 10 

0.276 

0.280 

0,284 

0.288 

0.290 

0.299 

0.304 


12 

0.272 

0.275 

0.279 

0.283 

0,285 

0.294 

0.299 


i4 

0.543 

0.551 

0.558 

0.565 

0.569 

0.587 

0.597 


% 

0.484 

0.490 

0.497 

0.503 

0.507 

0.523 

0.532 


1 

0.433 

0.439 

0.445 

0.451 

0.454 

0.467 

0.476 


VA 

0.393 

0.398 

0.403 

0.409 

0.412 

0.424 

0.432 


m 

0.365 

0,370 

0.376 

0.381 

0.384 

0.397 

0.402 


2 

0.338 

0.343 

0.347 

0.351 

0.354 

0.364 

0.370 


2A 

0.316 

0.320 

0.324 

0.328 

0.331 

0.341 

0.347 


3 

0.297 

0.301 

0.305 

0.309 

0.312 

0.321 

0.326 

2 

33^ 

0.284 

0.288 

0.292 

0.295 

0.297 

0.306 

0.311 


4 

0.275 

0.278 

0.282 

0.285 

0.287 

0.296 

0.301 



0.266 

0.270 

0.273 

0.276 

0.278 

0.286 

0.290 


5 

0.258 

0.262 

0.265 

0.268 

0.270 

0.278 

0.283 


6 

0.250 

0.254 

0.257 

0.260 

0.262 

0.270 

0.274 


8 

0.236 

0.239 

0.242 

0.245 

0.247 

0.255 

0.258 


10 

0.224 

0.227 

0.230 

0.233 

0.235 

0.242 

0.246 


12 

0.219 

0,222 

0.225 

0.228 

0.230 

0,237 

0.240 
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Table 6. Coefficients of Transmission ( U) for Pipes Insulated with Corrugated 
Asbestos Type Insulation (4 Plies Per Inch Thickness) 

These coefficients are expressed in Btu per hour per square foot of pipe surface per degree 
Fahrenheit difference in temperature between pipe and surrounding still air at 70 F 


Thickness 

OP 

Insula^tion 

(Inches) 

Nominal 

Pipe 

Size 

(Inches) 

Hot Water 

Steam 

120 F 

150 F 

180 F 

210 F 

227.1 F 
(5 Lb) 

297.7 P 
(50 Lb) 

337.9 F 
(100 Lb) 

Temperature Difference 

50 F 

80 F 

IlOF 

140 F 

157.1 F 

227.7 F 

267.9 F 



0.890 

0.919 

0.949 

0.978 

0.995 

1.065 

1.106 


H 

0.803 

0.829 

0.857 

0.883 

0.898 

0.961 

0.997 


1 

0.731 

0.756 

0.780 

0.804 

0.818 

0.876 

0.909 



0.671 

0.693 

0.716 

0.738 

0.751 

0.804 

0.834 



0.635 

0.6 S 6 

0.677 

0.698 

0.710 

0.760 

0.788 


2 

0.595 

0.615 

0.635 

0.656 

0.667 

0.715 

0.742 



0.567 

0.586 

0.605 

0.624 

0.635 

0.680 

0.705 


3 

0.544 

0.562 

0.580 

0.598 

0.608 

0.652 

0.677 

1 


0.527 

0.544 

0.561 

0.578 

0.588 

0.631 

0.654 


4 

0.513 

0.530 

0.548 

0.565 

0.575 

0.616 

0.639 


4^ 

0.502 

0.518 

0.535 

0.551 

0.561 

0.601 

0.624 


5 

0.490 

0.507 

0.523 

0.539 

0.549 

0.588 

0.611 


6 

0.480 

0.496 

0.512 

0.528 

0.538 

0.577 

0.599 


8 

0.462 

0.477 

0.493 

0.508 

0.517 

0.554 

0.575 


10 

0.447 

0.462 1 

0.476 

0.491 

0.500 

0.537 

0.557 


12 

0.441 

0.456 

0.470 

0.485 

0.493 

0.529 

0.550 



0.737 

0.762 

0.787 

0.812 

0.826 

0.884 

0.918 


% 

0,657 

0.679 

0.702 

0.725 

0.737 

0.790 

0.820 


1 

0.594 

0.614 

0.634 

0.654 

0.666 

0.713 

0.740 



0.542 

0.559 

0.577 

0.596 

0.606 

0.649 

0.673 



0.507 

0.524 

0.541 

0.558 

0.568 

0.609 

0.632 


2 

0.471 

0.487 

0.503 

0.519 

0.528 

0.565 

0.587 


m 

0.443 

0.458 

0.473 

0.488 

0.497 

0.533 

0.553 


3 

0.421 

0.435 

0.449 

0.463 

0.472 

0.506 

0.525 



0.403 

0.417 

0.430 

0.443 

0.451 

0.483 

0.502 


4 

0.393 

0.405 

0.418 

0.432 

0.439 

0.471 

0.489 


4 H 

0.383 

0.394 

0.407 

0.420 

0.428 

0.460 

0.476 


5 

0.372 

0.384 

0.397 

0.409 

0.417 

0.447 

0.463 


6 

0.362 

0.374 

0,387 

0.399 

0.406 

0.436 

0.452 


8 

0.343 

0.354 

0.366 

0.378 

0.385 

0.413 

0.429 


10 

0.328 1 

0.339 

O.sSSl 

0.362 

0.369 

0.397 

0.413 


12 

0.323 

0.334 

0.346 

0.357 

0.364 

0.391 

t. 

0.407 



0.648 

0.670 

[ 0.692 

0.713 

0.726 

0.779 

0.810 


K 

0.578 

0.598 

0.617 

0.637 

0.648 

0.694 

0.720 


1 

0.518 

0.535 

0.552 

0.570 

0.580 

0.622 

0.645 


iVi 

0.469 

0.485 

1 0.501 

! 0.517 

0.527 

0.566 

0.587 


m 

0.438 

0.452 

0.467 

0.481 

0.490 

0.526 

0.545 


2 

0.404 

0,417 

0.430 

0.444 

0.452 

0.483 

0.502 



0.379 

0.391 

0.403 

0.415 

0.422 

0.451 

0.466 


3 

0.356 

0.367 

0.378 

0.390 

0.397 

0.425 

0.440 

2 


0.339 

0.350 

0.361 

0.373 

0.380 

0.406 

0.421 


4 

0.328 

0.339 

0.350 

0.360 

0.367 

0.392 

0.406 



0.318 

0.328 

0.339 

0.350 

0.357 

0.381 

0.395 


5 

0.308 

0.318 

0.329 

0.340 

0.346 

0.370 

0.384 


6 

0.299 

0.309 

0.319 

0.329 

0.335 

0.358 

0.371 


8 

0.282 

0.291 

0.301 

0.310 

0.315 

0.336 

0.349 


10 

0.267 

0.276 

0.285 

0.294 

0.299 

0.319 

0.332 


12 

0.263 

0.272 

0.280 

0.289 

0.294 

0.314 

0.325 
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Table 7. Coefficients of Transmission ( U) for Pipes Insulated with Corrugated 
Asbestos Type Insulation (8 Plies Per Inch Thickness) 

These coefficients are expressed in Btu per hour per square foot of pipe surface per degree 
Fahrenheit difference in temperature between pipe and surrounding still air at 70 F 


Thickness 

OF 

Insulation 

(Inches) 

Nominal 

Pipe 

Size 

(Inches) 

Hot Water 

Steam 

120 F 

150 F 

180 F 

210 F 1 

227.1 F 
(S Lb) 

297.7 F I 
(50 Lb) 1 

337.9 F 
(100 Lb) 

Temperature Difference 

50 F 

80 F 

110 F 

140 F 

157.1 F 

227.7 F 

267.9 F 



0.801 

0.820 

0.838 

0.857 

0.868 

0.913 

0.939 


H ' 

0.723 

0.739 

0.756 

0.773 

0.783 

0.824 

0.847 


1 

0.658 

0.673 

0.688 

0.704 

0.713 

0.751 

0.772 


IM 

0.606 

0.619 

0.633 

0.647 

0.655 

0.688 

0.707 



0.573 

0.586 

0.599 

0.612 

0.619 

0.652 

0.670 


2 

0.538 

0.550 

0.562 

0.575 

0.581 

0.612 

0.629 


214 

0.511 

0.523 

0.534 

0.546 

0.553 

0,582 

0.599 


3 

0.489 

0.501 

0.512 

0.524 

0.531 

0.558 

0.575 

1 

3J^ 

0.474 

0.485 

0.496 

0.507 

0.514 

0.542 

0.557 


4 

0.461 

0.472 

0.482 

0.493 

0.500 

0.527 

0.542 


4H 

0.451 

0.462 

0.472 

0.482 

0.489 

0.515 

0.530 


5 

0.442 

0.452 

0.462 

0.473 

0.479 

0.505 

0.520 


6 

0.432 

0.442 

0.452 

0.463 

0.468 

0.493 

0.508 


8 

0.416 

0.426 

0.436 

0.446 

0.451 

0.475 

0.489 


10 

0.402 

0.412 

0.421 

0.430 

0.4.35 

0.459 

0.473 


12 

0.397 

0.406 

0.415 

0.424 

0.429 

0.452 

0.466 



0.664 

0.679 

0.695 

0.711 

0.720 

0,759 

0.780 


H 

0.593 

0.607 

0.621 

0.636 

0.643 

0,677 

0.697 


1 

0.535 

0.547 

0.560 

0.573 

0.580 

0.611 

0.629 



0.488 

0.499 

0.510 

0.522 

0.528 

0.556 

0.572 



0.457 

0.467 

0.478 

0.490 

0.496 

0.522 

0.537 


2 

0.425 

0,434 

0.444 

0.455 

0.460 

0.485 

0.499 



0.399 

0.408 

0.418 

0.428 

0.434 

0.457 

0.471 


3 

0.378 

0.387 

0.396 

0.405 

0.411 

0.433 

0.446 



0.363 

0.371 

0.380 

0.388 

0.393 

0.415 

0.427 


4 

0.353 

0.361 

0.369 

0.378 

0.383 

0.403 

0.415 



0.343 

0.351 

0.360 

0.368 

0.373 

0.393 

0.404 


5 

0.334 

0.342 

0.350 

0.358 

0.363 

0.383 

0.394 


6 

0.325 

0.333 

0.341 

0.349 

0.353 

0.373 

0.383 


8 

0.309 

0.316 

0.324 

0.332 

0.336 

0.355 

0.365 


10 

0.295 

0.303 

0.310 

0.318 

0.322 

0.340 

0.350 


12 

0.291 

0.298 

0.306 

0.313 

0.317 

0.335 

0.344 



0.585 

0.599 

0.613 

0.627 

0.635 

0.668 

0.688 


H 

0.520 

0.533 

0.545 

0.558 

0.565 

0.595 

0.612 


1 

0.465 

0.476 

0.487 

0.498 

0.504 

0.532 

0.547 


iH 

0.422 

0.432 

0.442 

0.452 

0.458 

0.483 

0.497 


m 

0.394 

0.403 

0.412 

0.422 

0.427 

0.450 

0.462 


2 

0.364 

0.372 

0.380 

0.388 

0.393 

0.415 

0.427 


2H 

0.339 

0.347 

0.355 

0.363 

0.367 

0.387 

0.398 


3 

0.319 

0.327 

0.334 

0.342 

0.346 

0.365 

0.375 

2 

33^ 

0.304 

0.311 

0,318 

0.326 

0.330 

0.349 

0.358 


4 

0,295 

0.302 

0.308 

0.315 

0.319 

0.336 

0.345 



,0.285 

0.292 

0.299 

0.306 

0.310 

0.327 

0.336 


5 

0.278 

0,284 

0.290 

0.297 

0.301 

0.317 

0.326 


6 

0.269 

0.275 

0.282 

0.288 

0.292 

0.307 

0.315 


8 

0.253 

0.259 

0,265 

0.270 

0.273 

0.288 

0.296 


10 

0.240 

0.245 

0.251 

0.257 

0.260 

0.275 

0.282 


12 

0.236 

0.241 

0.247 

0.253 

0,256 

0.270 

0.277 
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Table 8. Coefficients of Transmission (U) for Pipes Insulated with Laminated 
Asbestos Type Insulation (30 to 40 Laminations Per Inch Thickness) 

These coefficients are expressed in Btu per hour per square foot of pipe surface per degree 
Fahrenheit difference in temperature between pipe and surrounding still air at 70 F 


Thickness 

OF 

Insulation 

(Inches) 

Nominal 

Pipe 

Size 

(Inches) 

Hot Water 

Steam 

120 F 

150 F 

180 F 

j 210 F 

227.1 F 

1 (5 Lb) 

297JF 
(50 Lb) 

337.9 F 
(100 Lb) 

Temperature Difference 

50 F 

80 F 

no F 

140 F 

157.1 F 

227.7 F 

267.9 F 


K 

0.60S 

0.620 

0.635 

0.650 

0.658 

0.695 

0.716 


H 

0.546 

0.560 

0.573 

0.586 

0.594 

0.627 

0.645 


1 

0.498 

0.510 

0.522 

0.534 

0.541 

0.570 

0.587 


IK 

0.457 

0.468 

0.480 

0.491 

0.497 

0.525 

0.540 


m 

0.432 

0.442 

0.453 

0.464 

0.470 

0.496 

0.511 


2 

0.406 

0.416 

0.426 

0.437 

0.442 

0.467 

0.481 



0.385 

0.395 

0.405 

0.415 

0.420 

0.443 

0.457 


3 

0.370 

0.379 

0.389 

0.398 

0.403 

0.425 

0.438 

1 


0.359 

0.367 

0.376 

0.385 

0.390 

0.413 

0.426 


4 

0.349 

0.358 

0.366 

0.375 

0.380 

0.402 

0.414 



0.341 

0.350 

0.359 

0.367 

0.372 

0.393 

0.405 


5 

0.334 

0.342 

0.351 

0.359 

0.364 

0.384 

0.395 


6 

0.327 

0.335 

0.343 

0.351 

0.356 

0.376 

0.387 


8 

0.314 

0.322 

0.330 

0.338 

0.343 

0.362 

0.373 


10 

0.304 

0.312 

0.320 

0.328 

0.332 

0.350 

0.361 


12 

0.301 

0.308 

0.316 

0.324 

0.328 

0.346 

0.356 



0.502 

0.514 

0.526 

0.539 

0.546 

0.577 

0.595 



0.450 

0.461 

0.473 

0.484 

0.490 

0.517 

0.532 


1 

0.405 

0.415 

0.426 

0.436 

0.442 

0.466 

0.480 



0.369 

0.378 

0.387 

0.396 

0.401 

0.423 

0.435 


m 

0.343 

0.352 

0.361 

0.370 

0.375 

0.397 

0.409 


2 

0.321 

0.329 

0.337 

0.345 

0.350 

0.369 

0.380 


2K 

0.301 

0.309 

0.317 

0.324 

0.330 

0.348 

0.358 


3 ’ 

0.286 

0.293 ■ 

0.301 

0.308 

0.313 

0.330 

0.340 


3K 

0.274 

0.281 

0.288 

0.295 

0.300 

0.316 

0.326 


4 

0.267 

0.273 

0.280 

0,287 

0.291 

0.307 

0.317 


4K 

0.259 

0.266 

0.272 

0.279 

0.283 

0.299 

0,308 


5 

0.253 

0.260 

0.266 

0.272 

0.276 

0.291 

0.300 


6 

0.247 

0.253 

0.260 

0.266 

0.269 

0.284 

0.293 


8 

0.234 

0.240 

0.246 

0.252 

0.255 

0.270 

0.279 


10 

0,223 

0.229 

0.235 

0.241 

0.245 

0.258 

0.266 


12 

0.221 

0.227 

0.232 

0.238 

0.241 

0.255 

0.263 


K 

0.442 

0.453 

0.464 

0.475 

0.481 

0,508 

0.523 


K 

0.392 

0.402 

! 0.412 

0.422 

0.428 

0.452 

0.465 


1 

0.352 

0.360 

0.369 

0.378 

0.383 

0.405 

0.417 


m 

0.319 

0.327 

0.335 

0.343 

0.348 

0.367 

0.379 


m 

0.297 

0.304 

0.311 

0.319 

0.323 

0,341 

0.352 


2 

0.274 

0.280 

0.287 

0.294 

0.298 

0.314 

0.324 


2H 

0.256 

0.262 

0.269 

0.275 

0.279 

0.293 

0.302 


3 

0.243 

0,249 

0.254 

0.260 

0.264 

0.277 

0.285 

2 

334 

0.231 

0.236 

0.242 

0.248 

0.251 

0.265 

0.273 


4 

0.223 

0.228 

0.234 

0.240 

0.243 

0.257 

0.265 


434 

0.216 

0.222 

0,227 

0.233 

0.236 

0.249 

0.256 


5 

0.210 

0.215 

0.220 

0.225 

0.228 

0.241 

0.248 


6 

0.203 

0.208 

0.213 

0.218 

0.221 

0.233 

0.240 


8 

0.191 

0.196 

0.201 

0.206 

0.209 

0.220 

0.227 


10 

0.182 

0.187 

0.192 

0.196 

0.199 

0.210 

0.215 


12 

0,178 

0.183 

0.187 

0.192 

0.195 

0.205 

0.210 
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Table 9. Coefficients of Transmission {U) for Pipes Insulated with Laminated 
Asbestos Type Insulation (Approximately 20 Laminations Per Inch Thickness) 

These coefficients are expressed in Btu per hour per square foot of pipe surface per degree 
Fahrenheit difference in temperature between pipe and surrounding still air at 70 F 


Thickness 

OP 

Insulation 

(Inches) 

Nominal 

Pipe 

Size 

(Inches) 

Hot Water 

Steam 

120 F 1 

150 F 

180 F 

210 F 1 

227.1 F 
(5 Lb) 

297.7 F 
(50 Lb) 

337.9 F 
(100 Lb) 

Temperature Difference 

50 F 

80 F 

110 F 

140 F 

157.1 F 

227.7 F 

267.9 F 



0.910 

0.925 

0.940 

0.956 

0.964 

1.001 

1.022 



0.823 

0.836 

0.850 

0.863 

0.871 

0.902 

0.921 


1 

0.748 

0.760 

0.773 

0.785 

0.792 

0.823 

0.840 



0.686 

0.698 

0.710 

0.721 

0.728 

0.756 

0.771 


VA 

0.649 

0.659 

0.671 

0.682 

0.688 

0.716 

0.731 


2 

0.610 

0.620 

0.630 

0.640 

0.647 

0.671 

0.685 


2y2 

0.581 

0.590 

0.600 

0.609 

0.615 

0.638 

0.651 


3 

0.558 

0.567 

0.576 

0.585 

0.591 

0.613 

0.626 

1 


0.539 

0.548 

0.557 

0.566 

0.571 

0.592 

0.604 


4 

0.524 

0.532 

0.541 

0.551 

0.556 

0.577 

0.589 



0.514 

0.522 

0.530 

0.539 

0.544 

0.564 

0.575 


5 

0.503 

0.511 

0.519 

0.528 

0.533 

0.553 

0.565 


6 

0.492 

0.500 

0.509 

0.517 

0.522 

0.542 

0.553 


8 

0.473 

0.480 

0.488 

0.497 

0.502 

0.521 

0.532 


10 

0.458 

0.465 

0.473 

0.481 

0.485 

0.504 

0,514 


12 

0,452 

0.459 

0,467 

0.475 

0.478 

0.497 

0.507 



0.755 

0.767 

0.780 

0.793 

0.800 

0.831 

0.848 


H 

0.674 

0.685 

0.697 

0.708 

0.715 

0.743 

0.759 


1 

0.607 

0.618 

0.628 

0.639 

0.645 

0.670 

0.684 


IK 

0.553 

0.562 

0.572 

0.581 

0.587 

0.610 

0.622 


IK 

0,517 

0.527 

0.536 

0.545 

0.550 

0.572 

0.584 


2 

0.481 

0.490 

0.499 

0.508 

0.513 

0.535 

0.547 


2K 

0.453 

0.460 

0.469 

0.477 

0.481 

0.500 

0.511 


3 

0.429 

0.436 

0.444 

0.452 

0.456 

0.475 

0.485* 

iH 

3K 

0.412 

0.419 

0.427 

0.434 

0.438 

0.456 

0.465 


4 

0.400 

0.407 

0.415 

0.422 

0.426 

0.443 

0,453 


4K 

0.390 

0.396 

0.402 

0.409 

0.413 

0.429 

0.437 


5 

0.380 

0.386 

0.393 

0.400 

0.403 

0.418 

0.427 


6 

0.369 

0.375 

0.382 

0.389 

0.392 

0.408 

0.417 


8 

0.351 

0.358 

0.364 

0.370 

0.374 

0.388 

0.397 


10 

0.337 

0.344 

0.350 

0.356 

0.359 

0.373 

0.382 


12 

0.332 

0.338 

0.344 

0.350 

0.353 

0.367 

0.375 


K 

0.664 

0.675 

0.687 

0.698 

0.704 

0.732 

0.747 


H 

0.591 

0.601 

0.611 

0.621 

0.627 

0.652 

0.665 


1 

0.529 

0.538 

0.547 

0.557 

0.562 

0.584 

0.597 


iK 

0.480 

0.488 

0.497 

0.505 

0.510 

0.529 

0.540- 


IK 

0.445 

0.453 

0.462 

0.470 

0.475 

0.494 

0.504 


2 

0,412 

0.420 

0.427 

0.434 

0.438 

0.455 

0.464 


2K 

0.385 

0.392 

0.398 

0.405 

0.409 

0.425 

0.434 


3 

0.364 

0.370 

0.376 

0.382 

0.385 

0.400 

0.408 

2 

3K 

0.346 

0.352 

0.358 

0.365 

0.368 

0.382 

0.390' 


4 

0.336 

0.342 

0.348 

0.354 

0.357 

0.371 

0.378 


4K 

0.325 

0.332 

0.338 

0.343 

0.346 

0.360 

0.367 


5 

0.316 

0.322 

0.327 

0.333 

0.336 

0.349 

0.356- 


6 

0.306 

0.312 

0.317 

0,323 

0.326 

0.338 

0.345 


8 

0.288 

0.293 

0.298 

0.303 

0.306 

0.317 

•0.324 


10 

0.275 

0.279 

0.284 

0.289 

0.292 

0.302 

0.308 


12 

0.269 

0.274 

0.278 

0.283 

0.286 

0.296 

0.302 


629 



American Society of Heating and Ventilating Engineers Guide, 1935 


Table 10. Coefficients of Transmission (U) for Pipes Insulated 
WITH Rock Wool Type Insulation 

These coefficients are expressed in Btu per hour per square foot of pipe surface per degree 
Fahrenheit diffierence in temperature between pipe and surrounding still air at 70 F 


Thickness 

OF 

Instflation 

(Inches) 

Nominal 

Pipe 

Size 

(Inches) 

Hot Water 

Steam 

120 F 

150 F 

180 F 

210 F 

227.1 F 
(5 Lb) 

297.7 F 
(SO Lb) 

337.9 F 
(100 Lb) 

Temperature Difference 

50 F 

80 F 

no F 

140 F 

157.1 F 

227.7 F 

267.9 F 



0.631 

0.644 

0.658 

0.672 

0.680 

0.712 

0.730 


H 

0.569 

0.581 

0.593 

0.606 

0.613 

0.642 

0.659 


1 

0.518 

0.529 

0.541 

0.552 

0.559 

0.585 

0.600 



0.476 

0.486 

0.497 

0.507 

0.513 

0.537 

0.551 



0.450 

0.460 

0.470 

0.480 

0.485 

0.508 

0.522 


2 

0.422 

0,431 

0.441 

0.450 

0.456 

0.478 

0.490 


2% 

0.402 

0.411 

0.420 

0.428 

0.434 

0.455 

0.466 


3 

0.385 

0.394 

0.402 

0.411 

0.415 

0.435 

0.446 

1 

3H 

0.373 

0.381 

0.389 

0.398 

0.402 

0.421 

0.432 


4 

0.363 

0.371 

0.379 

0.387 

0.392 

0.411 

0.422 


4K 

0.355 

0.363 

0.371 

0.379 

0.383 

0.402 

0.413 


5 

0.348 

0.356 

0.364 

0.371 

0.376 

0.394 

0.404 


6 

0.341 

0.348 

0.356 

0.363 

0.368 

0.386 

0.396 


8 

0.327 

0.335 

0.342 1 

0.349 

0.353 

0.372 

0.381 


10 

0.317 

0.324 

0.331 

0.338 

0.343 

0.360 

0.369 


12 

0.313 

0.320 

0.327 

0.334 

0.338 

0.355 

0.364 



0.523 

0.534 

0.545 

0.556 

0.563 

0.590 

0.606 



0.468 

0.477 

0.487 

0.497 

0.503 

0.528 

0.542 


1 

0.421 

0.430 

0.440 

0.449 

0.455 

0.477 

0.490 



0.383 

0.391 

0.399 

0.407 

0.412 

0.433 

0.444 


m 

0.359 

0.366 

0.375 

0.383 

0.387 

0.407 

0.419 


2 

0.333 

0.340 

0.348 

0.356 

0.360 

0.378 

0.389 


23^ 

0.314 

0.320 

0.327 

0.335 

0.339 

0.355 

0.365 


3 

0.296 

0.302 

0.310 

0.317 

0.321 

0.337 

0.347 


SV2 

0.286 

0.291 

0.298 

0.304 

0.307 

0.323 

0.332 


4 

0.278 

0.284 

0.290 

0.296 

0.300 

0.315 

0.323 


43^ 

0.270 

0.276 

0.282 

0.287 

0.291 

0.305 

0,313 


5 

0.263 

0.269 

0.275 

0.280 

0.284 

0.298 

0.305 


6 

0.257 

0.262 i 

0.267 

0.273 

0.277 

0.290 

0.297 


8 

0.244 

0.249 1 

0.254 

0.260 

0,263 

0.276 

0.283 


10 

0.235 

0.240 

0.245 

0.250 

0.253 

0.265 

0.272 


12 

0.230 

0.234 

0.239 

0.245 

0.247 

0.260 

0.267 


3^ 

0.461 

0.471 

0.481 

0.491 

0.496 

0.520 

0.534 


H 

0.409 

0.418 

0.427 

0.436 

0.441 

0.463 

0.475 


1 

0.366 

0.374 

0.382 

0.390 

0.395 

0.415 

0.427 


m 

0.333 

0.340 

0.347 

0.355 

0.359 

0.377 

0.387 



0.310 

0.316 

0.323 

i 0.330 

0.334 

0.351 

0.360 


2 

0.286 

0.292 

0.298 

0.304 

0.308 

0.323 

0.331 


2H 

0.268 

0.274 

0.279 

0.285 

0.289 

0.302 

0.310 


3 

0.252 

0.257 

0.262 

0.268 

0.272 

0.284 

0.292 

2 


0.241 

0.246 

0.251 

i 0.257 

0.260 

0.272 

0.280 


4 

0.232 

0.237 

0.242 

1 0.247 

0.250 

0.262 

0.269 


iH 

0.225 

0.230 

0.235 

1 0.240 

0.243 

0.255 

0.262 


5 

0.218 

0.223 

0.228 

0.233 

0.236 

0.247 

0.253 


6 

0.213 

0.217 

0.221 

0.226 

0.228 

0.239 

0.245 


8 

0.200 

0.204 

0,208 

0.213 

0.215 

0.225 

0.231 


10 

0.189 

0.193 

0.197 

0.201 

0.204 

0.214 

0.220 


12 

0.185 

0.190 

0.194 

0.198 

0.200 

0.210 

0.216 
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25 F; the thickness of insulation for brine is approximately in. where 
the temperature ranges from 0 deg to 25 F; and the thickness of insulation 
where the brine temperature ranges from — 30 F to zero degrees is ap- 
proximately 4 in. 

Insulation To Prevent Freezing 

If the surrounding air temperature remains sufficiently low for an 
ample period of time, insulation cannot prevent the freezing of still water, 
or of water flowing at such a velocity that the quantity of heat carried in 
the water is not sufficient to take care of the heat losses which will result 
and cause the temperature of the water to be lowered to the freezing 
point. Insulation can materially prolong the time required for the water 
to give up its heat, and if the velocity of the water flowing in the pipe is 
maintained at a sufficiently high rate, freezing may be prevented. 

^ Table 11 may be used for making estimates of the thickness of insula- 
tion necessary to take care of still water in pipes at various water and 
surrounding air temperature conditions. Because of the damage and 
service interruptions which may result from frozen water in pipes, it is 
essential that the most efficient insulation be utilized. This table is 
based on the use of hair felt or cork, having a conductivity of 0.30. The 
initial water temperature is assumed to be 10 deg above, and the sur- 
rounding air temperature 50 deg below the freezing point of water (tem- 
perature difference, 60 F). 

The last column of Table 11 gives the minimum quantity of water at 
Initial temperature of 42 F which should be supplied every hour for each 
linear foot of pipe, in order to prevent the temperature of the water from 
being lowered to the freezing point. The weights given in this column 
should be multiplied by the total length of the exposed pipe line expressed 
in feet. As an additional factor of safety, and in order to provide against 
temporary reductions in flow occasioned by reduced pressure, it is 
advisable to double the rates of flow listed in the table. It must be 
emphasized that the flow rates and periods of time designated apply only 
for the conditions stated. To estimate for other service conditions the 
following method of procedure may be used. 

If water enters the pipe at 52 F instead of 42 F, the time required to 
cool it to the freezing point will be prolonged to twice that given in the 
table, or the rate of flow of water may be reduced so that the quantity 
required will be one-half that shown in the last column of Table 11. 
However, if the water enters the pipe at 34 F it will be cooled to 32 F in 
one-fifth of the time given in the table. It will then be necessary to in- 
crease the rate of flow so that five times the specified quantity of water 
will have to be supplied in order to prevent freezing. 

If the minimum air temperature is — 38 F (temperature difference, 
80 F), instead of —18 F, the time required to cool the water to the 
freezing point will be 60/80 of the time given in the table, or the necessary 
quantity of water to be supplied will be 80/60 of that given. 

In making calculations to arrive at the values given in Table 11, the loss 
of heat stored in the insulation, the effect of a varying temperature dif- 
ference due to the cooling of pipe and water, and the resistance of the 
outer surface of the insulation to the transfer of heat to the air have all 
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Table 11. Data for Estimating Requirements to Prevent 
Freezing of Water in Pipes 


Nominal 

Pipe 

Size 

(Inches) 

Number of Hours 

TO Cool 

Water to 

Freezing Point 

Water Required to Flow 

TO Prevent Freezing, 

Pounds per Linear Foot of 

Pipe per Hour 


Thickness of Insulation in Inches 


1 1 

2 j 

1 ^ 

1 

2 

3 


0.42 

0.50 

0.57 

0.54 

0.45 

0.40 

1 

0.83 

1.02 

1.16 

0.68 

0.55 

0.48 


1.40 

1.74 

2.02 

0.84 

0.68 

0.58 

2 

1.94 

2.48 

2.90 

0.95 

0.75 

0.64 

3 

3.25 

4.27 

5.08 

1.24 

0.94 

0.79 

4 

4.55 

6.02 

7.20 

1.47 

1.11 

0.93 

5 

5.92 

7.96 

9.69 

1.73 

1.29 

1.06 

6 

7.35 

9.88 

12.20 

1.98 

1.46 

1.19 

8 

10.05 

13.90 

17.25 

2.46 

1.78 

1.44 

10 

13.00 

18.10 

22.70 

2.96 

2.12 

1.70 

12 

15.80 

22.20 

28.10 

3.43 

2.46 

1.93 


been neglected. When these factors enter into the computations it is 
necessary to enlarge the factor of safety. Also as stated, the time shown 
in the table is that required to lower the water to the freezing point. A 
longer period would be required to freeze the water, but the danger point 
is reached when freezing starts. The flow of water will stop and the entire 
line will be in danger as soon as the water freezes across the section of the 
pipe at any point. 

When water must remain stationary longer than the times designated in 
Table 11, the only safe way to insure against freezing is to install a steam 
or hot water line, or to place an electric resistance heater along the side of 
the exposed water line. The heating system and the water line are then 
insulated so that the heat losses from the heating system are not exces- 
sive, and the heating effect is concentrated against the water pipe where 
it is needed. For this form of protection 2 in. of an efficient insulation 
may be applied. 

Pipe Sweating 

In some cases the prevention of condensation rather than the con- 
servation of heat is the governing factor in determining the thickness of 
insulation required. Fig. 2 may be used for determining the thickness of 
any material of known conductivity which should be used to prevent con- 
densation on pipes and flat metallic surfaces. The surface resistances used 
for calculating the family of curves in Fig. 2 are based on the results of 
tests made on canvas-covered pipe insulation surfaces at Mellon Institute. 
However, it has been found that the resistance for asphaltic and roofing 
surfaces is practically the same as for canvas surfaces, so that the curves 
given may be followed with no alteration for surfaces commonly used. 

Moisture will be deposited on a surface whenever its temperature falls 
to that of the dew point. The maximum permissible temperature drop 
is indicated on Fig. 2 at the point where the guide line passes through the 
horizontal scale at the left center of the chart. This temperature drop 
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represents the difference between the dry-bulb temperature and the dew- 
point temperature for the conditions involved. (See discussion of con- 
densation in Chapter 7.) 

The rate of heat loss from a surface maintained at constant temperature 
is greatly increased by air circulation over the surface. In the case of 
well-insulated surfaces the increases in losses due to air velocity are very 
small as compared with increases shown for bare surfaces, because of the 



Fig. 2. Thickness of Pipe Insulation to Prevent Sweating^ 

aSolve problems by drawing lines as indicated by dotted line, entering chart at lower left hand scale. 


fact that air flowing over the surface of the insulation can increase only 
the rate of heat transfer from surface to air, and cannot change the internal 
resistance to heat flow inherent in the insulation itself. The maximum 
increase in loss due to air velocity ranges from about 30 per cent in the 
case of 1-in. thick insulation, to about 10 per cent in the case of 3-in. thick 
insulation, provided that the insulation is thoroughly sealed so that air 
can flow only over the surface. 
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(L, B. McMillan, Pmc. National Dist, Heatini A.is’hh VoL IS, p, 131.) 

Fig. S. Chart for Determining Economical Thickness op Insulation 
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If the conditions are such that the air may circulate through cracks 
and crevices in the insulation, the increases may be far greater than those 
given. Therefore, it is essential that insulation be sealed as tightly 
as possible. Pipe insulation out-of-doors should be provided with a 
waterproof jacket, and other outdoor insulation should be thoroughly 
weatherproofed. 

ECONOMICAL THICKNESS OF PIPE INSULATION 

Table 12 shows the thicknesses of insulation which ordinarily are used 
for various temperature conditions. Where a thorough analysis of 
economic thickness is desired, this may be accomplished through the use 
of the chart, Fig. 3. 

The dotted line on the chart illustrates its use in solving a typical 
example. In using the chart, start with the scale at the left bottom margin 
representing the given number of hours of operation per year; then 
proceed vertically to the line representing the given value of heat ; thence 
horizontally, to the right, to the line representing the given temperature 
difference; thence vertically to the line representing the conductivity of 


Table 12. Thicknesses of Insulation Ordinarily used iNDOORsa 


Steam Pressures 
(Lb Gage) 

OR Conditions 

Steam Temperatures 
Degrees 
Fahrenheit 

Thickness op Insulation 

Pipes Larger 
Than 4 In. 

Pipes 

2 In. to 

4 In. 

Pipes 

HIn. 
to IH In. 

0 to 25 

25 to 100 

100 to 200 

Low Superheat 

Medium Superheat 

High Superheat 

212 to 267 

267 to 338 

338 to 388 

388 to 500 

500 to 600 

600 to 700 

1 in. 

IJ^ in. 

2 in. 
2J^in. 

3 in. 

334 in. 

1 in. 

1 in. 

134 in. 

2 in. 

234 in. 

3 in. 

1 in. 

1 in. 

1 in. 

134 in. 

2 in. 

2 in. 


<iAn piping located outdoors or exposed to weather is ordinarily insulated to a thickness H ia. greater 
than shown in this table, and covered with a waterproof jacket. 


the given material ; thence horizontally, to the left, to the line representing 
the given discount on that material; thence vertically to the curve 
representing the required per cent return on the investment; thence 
horizontally, to the right, to the curve representing the given pipe size; 
thence vertically to the scale at the top right margin where the economical 
thickness may be read off directly. The dotted line on the chart illustrates 
its use in solving a typical example. 

Underground Insulation 

Underground steam distribution lines are carried in protective struc- 
tures of various types, sizes and shapes. (See Chapter 37.) Detailed 
data on commonly used forms of tunnels and conduit systems have been 
published by the National District Heating Association"^* 

Pipes in tunnels are covered with sectional insulation to provide 
maximum thermal efficiency and are also finished with good mechanical 

^Handbook of ih$ National District Beating Association, Second Edition, 1932. 
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protection in the form of metal or waterproofing membrane outer 
jackets. Conduit systems are in more general use than tunnels. Pipes 
carried in conduits may be insulated with sectional insulation; however, 
the more usual practice is to fill the entire section of the conduit around 
the pipes with high quality, loose insulating material. The insulation 
must be kept dry at all times, and for this purpose effective waterproofing 
membranes enclose the insulation. A drainage system is also provided 
to divert water which may tend to enter the conduit. 

The economical thickness of insulation for underground work is dif- 
ficult of accurate determination due to the many variables which have to 
be considered. As a result of theories developed by J. R. Allen®, together 
with experimental data presented by others, the usual endeavor is to 
secure not less than 90 per cent efficiency for underground piping. Table 
13 can be used as a guide in arriving at the minimum thickness of loose 
insulation fills to use for laying out conduit systems. Other factors such 
as the number of pipes and their combination of sizes, as well as the 
standard conduit sizes, are primary controlling factors in the amount and 
thickness of insulation for use. 

When sectional insulation is applied to lines in tunnels or conduits, 
usual practice is to apply the most efficient materials in. less in thick- 
ness than that determined by the use of Fig. 3. Fig. 3 is based on con- 
ditions of insulation exposed to the air, whereas normal ground tempera- 
ture is substituted for air temperature in determining the temperature 
difference for use with the chart when applying it for underground pipe 
line estimates. 


Table 13. Thickness of Loose Insulation for Use as 
Fill in Underground Conduit Systems 


Steam 
Prbsbtjeks 
(Lb Gage) 

OR Conditions 

Steam 

Temperatures 

Degrees 

Fahrenheit 

Minimum Thickness op Insulation in Inches 

Minimum 

Distance 

Between 

Steam 

AND 

Return 

Steam Lines 

1 Return Lines 

Pipes Less 
than 4 In. 

Pipes 4 In. 
to 10 In. 

Pipes Larger 
than 12 In. 

Pipes Less 
than 4 In, 

Pipes 4 In. 
and Larger 

Hot Water, 








or 0 to 25 

212 to 267 

VA 

2 

2A 

1J4 

lA 

1 

25 to 125 

267 to 352 

2 


3 


lA 

lA 

Above 125, or 








superheat 

352 to 500 

2A 

3 


IM 

lA 

lA 


•Theory of Heat Losses from Pipes Buried in the Ground, by J. R. Allen (A.S.H.V.E. Transactions. 
Vol. 26. 1920). 


PROBLEMS IN PRACTICE 

1 • Compute the total annual heat loss from 165 ft of 2-in. hare pipe in service 
4000 hours per year. The pipe is carirying steam at 10 lb pressure and is exposed 
to an average air temperature of 70 F. 

The pipe temperature is taken as the steam temperature, which is 239.4 F, obtained 
from Table 7, Chapter 1. The temperature difference between the pipe and air « 239.4 
— 70 169.4 deg. By interpolation of Table 1 between temperature differences of 

157.1 F and 227.7 F, the heat loss from a 2-m. pipe at a temperature difference of 169.4 
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deg is found to be 1.677 Btu per hour per linear foot per degree temperature difference. 
The total annual heat loss from the entire = 1.677 X 169.4 X 165 (linear feet) X 4000 
(hours) = 188,000,000 Btu. 

2 • Coal costing $11.50 per ton and having a calorific value of 13,000 Btu per 
pound is being burned in the furnace supplying steam to the pipe line given in 
Question 1. If the system is operating at an over-all efficiency of 55 per cent 
determine the monetary value of the annual heat loss from the line. 

The cost of heat per 1 million Btu supplied to the system = 1,000,000 X 11.5 (dollars) 
13,000 (Btu) X 2000 (lb) X 0.55 (efficiency) == S0.804. The total cost of heat 
lost per year = 0.804 X 188 (million Btu) = $151.15.^ 

3 • If the steam line given in Question 1 is covered with 1-in. thick 85 per cent 
magnesia, determine the resulting total annual heat loss through the insula- 
tion. Also compute the monetary value of the annual saving and the per- 
centage of saving over the heat loss from the bare pipe. 

By interpolation of Table 5 between temperature differences of 157.1 F and 227.7 F, the 
coefficient of transmission for 1-in. magnesia on a 2-in. pipe is found to be 0.525 Btu per 
hour per square foot of pipe surface per degree temperature difference at a temperature 
difference of 169.4 deg. The total hourly loss per square foot of insulated pipe will then 
be 0.525 X 169.4 = 89.04 Btu. From Table 2 the area per linear foot of 2-in. pipe is 
found to be 0.622 sq ft. The total annual loss through the insulation = 89.04 X 0.622 
X 165 (linear feet) X 4000 (hours) = 36,550,000 Btu. The annual bare pipe loss as 
determined in the solution of Question 1 was found to be 188,000,000 Btu. The saving 
due to insulation is then 188,000,000 — 36,550,000 = 151,350,000 Btu per year. 

From the solution of Question 2 it was found that the heat supplied to the system cost 
$0,804 per million Btu; therefore, the monetary value of the saving = 0.804 (dollars) 
X 151.35 (million Btu) == $121.69, or 81.2 per cent of the cost when using uninsulated 
pipe. 

4 • The manufacturer’s list price for 85 per cent magnesia insulation is $0.36 
per linear foot for 1-in. (standard thick) material to cover a 2-in. pipe. De- 
termine the period of time required for the saving found in Question 3 to pay 
for the cost of the insulation if it can be purchased and applied at 80 per cent 
of list price (20 per cent discount). 

The applied cost of insulation = 165 (linear feet) X 0.36 (dollars) X 0.80 (net) 
= 47.52. Since the annual saving as found in Question 3 amounts to $121.69, the in- 
sulation will pay for its cost in 47.52 121.69 — 0.3905 years; in other words, the cost 

will be repaid 2.56 times by the saving obtained in one heating season. 

5 • The conductivity of magnesia insulation is 0.455 at the mean temperature 
which will result under the conditions of Question 3. Estimate the most 
economical thickness of magnesia for application on the pipe when operating 
under the conditions which are given in the foregoing problems and when a 
20 per cent return is required on the investment for insulation. 

Use chart given in Fig. 3. Begin at the left bottom margin and proceed successively as 
shown by the dotted line example to the following essential data which are collected from 
the problems previously given; 

4000 hours operation per year. 

$0,804 value of heat, dollars per million Btu. 

169.4 deg temperature difference. 

0.465 conductivity of insulation. 

20 per cent discount from list, cost of insulation, 

20 per cent fixed charges, return on investment. 

2-in. pipe size. 

Solution of the problem by use of Fig. 3 results in a required thickness of approximately 


*A closely approximate solution of this problem may be quickly made by use of the estimating chart given 
in Fig, 1. 
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1.05 in. The nearest commercial thickness procurable is standard thick (IM 2 in.) 
magnesia. 

(It is of interest to note that the use of Fig. 3 will generally result in solutions which, for all practical pur- 
poses, agree closely with the specifications for thicknesses given in Table 12.) 


6 • Determine the minimum thickness of wool felt insulation having a con- 
ductivity of 0.30 necessary to prevent condensation of moisture on a 4-in. pipe 
carrying cold water at a temperature of 40 F when the surrounding air reaches 
maximum conditions of 90 F with a relative humidity of 90 per cent. 

The difference between the temperature of the pipe and the surrounding air is 90 — 40 
== 50 deg. For quick estimating purposes use the chart given in Fig. 2. Enter this chart 
at the lower left margin on the 90 per cent relative humidity line and proceed horizontally 
to the right to intersect the 90 deg air temperature line. Project a line up to the 50 deg 
temperature difference line, and then horizontally to the right to the intersection with the 
4-in. pipe size line. From this point proceed down to intersect the 0.30 line which denotes 
the conductivity of the insulation. Directly opposite this point of intersection the correct 
thickness of insulation is read frorn the scale on the lower right margin. This chart 
solution denotes that wool felt 2.4“in. thick is sufficient to prevent condensation. The 
nearest commercial thickness procurable is 2J^ in. 

For prevention of condensation as well as for protection against freezing, if the thickness 
determined theoretically cannot be had, it is better to apply the next greater thickness 
procurable rather than to use any lesser thickness because an additional factor of safety 
is thus obtained. 


7 • A 3-in. pipe covered with 2 in. of hair felt insulation carries water out-of- 
doors. Weather Bureau records for the locality denote that a minimum out- 
door temperature of zero F may be expected to prevail for a period not to exceed 
10 hours. By use of Table 11 determine what degree of protection is provided 
against freezing if the water is stationary in the line for the 10 hour period. 

Table 1 1 denotes that 4.27 hours are required to lower water temperature from 42 F to 
the freezing point (a 10 F drop) when the initial temperature difference between the 
water and air is 60 F. The temperature drop in the example is 45 — 32 = 13 F and the 
temperature difference is 45 - 0 = 45 F. The time required to lower the water from 
45 F to the freezing point will therefore be 4.27 X X - 7.4 hours. 

It is evident that insufficient protection is provided to prevent freezing if a temperature 
of zero F prevails outside for any period longer than 7 hours 24 min. 

8 • With data given in Question 7 and its solution, determine the minimum 
flow of water which must be maintained to prevent freezing if the length of 
the water line is 85 ft. 

From Table 11 it is seen that a flow of 0.94 lb of water per linear foot per hour is suf- 
ficient to prevent a drop in the water temperature from 42 F to the freezing point when 
the temperature difference between air and water is 60 F. With the conditions stated, a 
flow of 0.94 X X ~ 0.542 lb of water per linear foot of pipe line per hour, or 
85 X 0.642 a= 46.07 lb of water per hour must flow through the line in order to prevent 
freezing. 
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DISTRICT HEATING 


Underground Steam Piping, Selection of Pipe Sizes, Provision for 
Expansion, Capacity of Returns tvith Various Grades, Pipe Con- 
duits, Pipe Tunnels, Service Connections, Steam per Square Foot 
of Heating Surface, Fluid Meters and Metering, Rates 


T hose phases of district heating which frequently fall within the 
province of the heating engineer are outlined here with data and 
information for solving incidental problems in connection with institutions 
and factories and for the design of heating systems for buildings which are 
to be supplied with purchased steam. A complete district heating instal- 
lation should not be attempted without a thorough study of the entire 
problem by men competent and experienced in that industry. 

UNDERGROUND STEAM PIPING 

The methods used in district heating work for the distribution of steam 
are applicable to any problem involving the supply of steam to a group of 
buildings. The first step is to establish the route of the pipes, and in this 
matter the local conditions so fully control the layout that little can be 
said regarding it. 

Having established the route of the pipes, the next step is to calculate 
the pipe sizes. In district heating work it is common practice to design 
the piping system on the basis of pressure drop. The initial pressure and 
the minimum permissible terminal pressure are specified and the pipe 
sizes are so chosen that the required amount of steam, with suitable 
allowances for future increases, will be transmitted without exceeding 
this pressure drop. The steam velocity is therefore almost disregarded 
and may reach a very high figure. Velocities of 35,000 fpm are not con- 
sidered high. By the use of this method the pipe sizes are kept to a 
minimum with consequent savings in investment. 

The steam flowing through any section of the piping can be computed 
from a study of the requirements of the several buildings served. ^ In 
general a condensation rate of 0.25 lb per hour per square foot of equiva- 
lent heating surface is a safe figure. This allows for line condensation 
which, however, is a small part of the total at times of maximum load. 
Any unusual requirements such as those for process steam should be 
individually calculated. 

The steam requirements for water heating should be taken into account, 
but in most types of buildings this load will be relatively small compared 
with the heating load and will seldom occur at the time of the heating 

639 



American Society of Heating and Ventilating Engineers Guide, 1935 


peak. Unusual features such as large heaters for swimming pools should 
not be overlooked. 

The pressure at which the steam is to be distributed will depend, in 
part, upon whether or not it has been passed through electrical generating 
units. If it has, the pressure will be considerably lower than if live steam, 
■direct from the boilers, is used. The advantages of low pressure distribu- 
tion (2 to 30 lb per square inch) are (1) smaller heat loss from the pipes, 
(2) less trouble with traps and valves, and (3) simpler problems in pressure 
reduction at the buildings. With distribution pressures not exceeding 
40 lb per square inch there is little danger even if the full distribution 
pressure should build up in the radiators through the faulty operation of 
a reducing valve; but with pressures higher than this a second reducing 
valve or some form of emergency relief is usually desirable to prevent 
excessive pressures in the radiators. The advantages of high pressure 
distribution are (1) smaller pipe sizes and (2) greater adaptability of the 
steam to various operations other than building heating. 

The different kinds of apparatus which frequently must be served 
require various minimum pressures. Kitchen equipment requires from 
5 to 15 lb per square inch, the higher pressures being necessary for 
apparatus in which water is boiled, such as stock kettles and coffee urns. 
An increased amount of heating surface, which is easily obtained in some 
kinds of apparatus, results in quicker and more satisfactory operation at 
low pressures. For laundry equipment, particularly the mangle, a pres- 
sure of 75 lb per square inch is usually demanded although 30 lb per square 
inch is sufficient if the mangle is equipped with a large number of rolls and 
if a slow rate of operation is permissible. Pressing machines and hospital 
sterilizers require about 50 lb per square inch. 

PIPE SIZES 

The lengths of pipe, steam quantities, and initial and terminal pressures 
having been chosen, the pipe sizes can readily be calculated by means of 
the Unwin pressure drop formula. This formula, which gives pressure 
drops slightly larger than actual test results, is as follows: 

A2 ( 1 ) 

where 

P « pressure drop, pounds per square inch. 

W = weight of steam flowing, pounds per minute. 

L « length of pipe, feet. 

d = inside diameter of pipe, inches. 

y « average density of steam, pounds per cubic foot. 

This formula is similar to the Babcock formula given in Chapter 32. 

Information on provision for expansion will be found in Chapters 
32 and 34. 

In general, return lines when installed follow the contour of the land, 
and Table 1 gives sizes of return pipes for various grades. It is evident 
that at points where the grade is great, smaller pipes can be installed. 
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PIPE CONDUITS 

Conduits for steam pipes buried underground should be reasonably 
waterproof, able to withstand earth loads and to take care of the expan- 
sion and contraction of the piping without strain or stress on the couplings, 
or without affecting the insulation or conduit. Expansion of the piping 
must be carefully controlled by means of anchors and expansion joints 
or bends so that the pipes can never come in contact with the conduit. 
Anchors can be anchor fittings or U-shaped steel straps which partially 
encircle the pipes and are firmly bolted to a short length of structural 
steel set in concrete. 

Table 1. Capacity of Returns for Underground Distribution Systems in 
Pounds of Condensate per Hour 


Size® 
OF Pipe 



Pitch of Pipe per 100 Ft. 



In. 

6 " 

V 

2' 

3' 

5' 

10' 

20' 

1 

448 

998 

1890 

2240 

3490 

5490 

7490 

IM 

1740 

2490 

3990 

4880 

6480 

9480 

13500 

IJ^ 

2700 

4190 

5740 

7480 

9480 

14500 

20900 

2 

4980 

7380 

10700 

13900 

16900 

24900 

36900 

3 

13900 

22500 

30900 

37400 

50400 

74800 

105000 

4 

30900 

44800 

64800 

79700 

105000 

154000 

229000 

5 

54800 

79800 

120000 

144800 

195000 

294000 

418000 

6 

90000 

138000 

187000 

237000 

312000 

449000 


8 

190000 

277000 

404000 

508000 

660000 

938000 


10 

12 

344000 

555000 

498000 

798000 

724000 

1148000 

900000 

1499000 

1190000 

1990000 


— 


aSize of pipe should be increased if it carries any steam. 


In laying out conduits of this type the following points should be 
borne in mind : 

1. An expansion joint offset or bend should be placed between each two anchors. 

2. If the distance between buildings is 150 ft or less and the steam line contains high- 
pressure steam, the line may be anchored in the basement of one building and allowed to 
expand into the basement of the second building. If the steam line contains low-pressure 
steam (up to 4-lb pressure), this method may be used if buildings are 250 ft or less apart. 

3. If the distance between buildings is between 150 ft and 300 ft and the steam line 
contains high-pressure steam, the lines should be anchored midway between the buildings 
and allowed to expand into the basements of both buildings. If the steam line contains 
low-pressure steam this method may be used if buildings are between 250 ft and 600 ft 
apart. No manhole is required at the anchor, and a blind pit is all that is necessary. 

4. For longer lines, manholes must be located according to judgment and depending 
upon the expansion value of the type of expansion joint or bend that is used. The 
minimum number of manholes will be required when an expansion bend or an anchor 
with double expansion joint is placed in each manhole and the pipes are anchored mid- 
way between manholes. 

5. A proper hydrostatic test should be^ made on the assembled line before the insula- 
tion and the top of the conduit are applied. The hydrostatic pressure should be one- 
and-one-half times the maximum allowable pressure and it should be held for a period of 
at least two hours without evidence of leakage. In any case the pressure should be no 
less than 100 lb per square inch. 

The styles and construction of conduits commonly used may be classi- 
fied as follows. Some of the more common forms are illustrated in Fig. 1. 

Wood^ Casing: The pipe is enclosed in a cylindrical casing usually having a wall 4 in. 
thick and built of segments which are bound together by a wire wrapped spirally around 

641 



American Society of Heating and Ventilating Engineers Guide, 1935 


the casing. The casing is lined with bright tin and coated with asphaltum. The pipe is 
supported on rollers carried in a bracket which fits into the casing. The lengths of 
casing are tightly fitted together with a male and female joint. This form of conduit is 
illustrated in Fig. 1 at ^ . The casing rests on a bed of crushed stone with tile drains laid 
below. The tile drains are of 4-in. field tile or vitrified sewer tile, laid with open joints. 

Filler Type: The pipes are supported on expansion rollers properly supported from 
the conduit or independent masonry base. The pipes are protected by a split-tile conduit, 
and the entire space between the pipes and the tile is filled with an insulating filler. Thus 
the pipes are nested and the insulation between them and the tile effectively prevents 
circulation of air. The conduit is placed on a bed of gravel or crushed rock from 4 to 6 in. 
thick, which is extended upward so as to come about 2 in. above the parting lines of the 
tile. A tile underdrain is placed beneath the conduit throughout the entire length and is 
connected to sewers or to some other point of free discharge. At B and D in Fig. 1 are 
shown two forms of tile conduit of the filler type. 

Circular Tile or Cast-Iron Conduit: The pipes are carried on expansion rollers sup- 
ported on a frame which rests entirely on the side shoulders of the base drain foundation. 





Fig, 1. Construction Details of Conduits Commonly Used 


xhe pipes are protected by a sectional tile conduit, scored for splitting, or a cast-iron 
conduit, both being of the bell and spigot type. The conduit has a longitudinal side joint 
for cementing, after the upper half of conduit is in place, so shaped that the cement is 
keyed in place while locking the top and bottom half of the conduit together with a 
water-tight vertical side joint. The cast-iron conduit has special side locking clamps in 
addition to the vertical side joint. The entire space between the conduit and the pipes is 
filled with a water-proofed asbestos insulation. The conduit is supported on the^ base 
drain foundation, each section resting on two sections of the base drain, thus inter- 
locking. The base drain is so shaped that it provides a cradle for the conduit, resting 
solidly^ on the trench bottorn and providing adequate drainage area immediately under the 
conduit. The underdrain is connected to sewers or some other point of free discharge. 
For tile conduit the base drain is vitrified salt glazed tile and for cast-iron conduit it is 
either extra heavy tile or cast-iron. A free internal drainage area is also provided to carry 
away any water that may collect on the inside of the conduit from a leaky pipe or joint in 
the conduit. Broken stone is filled in around the base drain and up to the vertical side 
joint. The broken stone is covered with an asphalted filter cloth to prevent sand 
from sifting through the broken stone and clogging the drainage area of the base drain. 
The tile conduit is made in 2-ft lengths and the cast-iron conduit in 4-ft lengths, cast in 
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separate top and bottom halves. Special reinforcing ribs give the cast-iron conduit ample 
strength with minimum weight. 

Insulated Tile Type: The insulating material, diatomaceous earth, is molded to the 
inside of the sectional tile conduit. The space between the pipes and the insulating con- 
duit lining may also be filled with insulation- The pipes are carried on expansion rollers 
supported on a frame which rests on the side shoulders of the base drain foundation. 
This type of conduit has the same mechanical features as those described under the 
heading Circular Tile or Cast-Iron Conduit. 

Sectional Insulation Type {Tile or Cast-Iron): Each pipe is insulated in the, usual way 
with any desired type of sectional pipe insulation over which is placed a standard water- 
proof jacket with cemented joints. The pipes are enclosed in a sectional tile or cast-iron 
conduit as described under the heading Circular Tile or Cast-Iron Conduits. 

Sectional Insulation Type (Tile or Concrete Trench) : A type of construction frequently 
used in city streets, where service connections are required at frequent intervals, the 
pipes are insulated as described in the preceding paragraph, and are enclosed^ in a box 
or trench made either entirely of concrete, or with concrete bottom and specially con- 
structed tile sides and tops. The pipes are supported on roller frames secured in the 
concrete. At C and E, Fig. 1, are shown two tile conduits using sectional insulation. In 
these particular designs the space surrounding the pipe is filled partially or wholly with a 
loose insulating material. The use of loose material in addition to the sectional insula- 
tion is, of course, optional and is only justifiable where high pressure steam is used. The 
conduit shown at F is of a similar type and has the advantage of being made entirely of 
concrete and other common materials. 

Sectional Insulation Type (Bituminized Fibre Conduit): Each pipe is individually 
insulated and encased in a bituminized fibre conduit. The insulating material is 85 
per cent carbonate of magnesia sectional pipe covering, applied in the usual manner as 
on overhead pipes, except that bands are omitted. After every fifth section of magnesia 
covering there is applied a short, hollow section of very hard asbestos material in the 
bottom portion of which rests a grooved-iron plate carrying ball-bearings upon which 
the pipe rides when expanding or contracting. This short expansion section is of the 
same outside diameter as the adjacent 85 per cent magnesia coverinp^. Over the pii^e 
covering and expansion device there are placed two layers of bituminized fibre conduit 
with all joints staggered, and the surface of each conduit is finished with liquid cement. 
Conduits are placed on a bed of crushed rock or gravel, approximately 6 in. deep, and 
this is extended upward to about the center line of the conduit when trench is backfilled. 
Underdrains leading to points of free discharge are placed in the gravel or crushed 
rock beds. 

Special Water-Tight Designs: It is occasionally necessary to install pipes in a very wet 
ground, which calls for special construction. The ordinary tile or concrete conduit is not 
absolutely water tight even when laid with the utmost care. The conduit shown at G, 
Fig. 1, is of cast-iron with lead-calked joints and is water tight if properly laid. It is 
obviously expensive and is justified only in exceptional cases. A reasonably satisfactory 
construction in wet ground is the concrete or tile conduit with a waterproof jacket 
enclosing the pipe and its insulation, and with the interior of the conduit carefully 
drained to a manhole or sump having an automatic pump. It is useless to install external 
drain tile when the conduit is actually submerged. 


PIPE TUNNELS 

Where steam heating lines are installed in tunnels large enough to 
provide walking space, the pipes are supported^ by means of hangers or 
roller frames on brackets or frame racks at the side or sides of the tunnel. 
The pipes are insulated with sectional pipe insulation over which is 
placed a sewed-on, painted canvas jacket or a jacket of asphalt-saturated 
asbestos water-proofing felt. The tunnel itself is usually built of concrete 
or brick and water-proofed on the outside with membrane water-proofing. 

On account of their relatively high first cost as compared with smaller 
conduits, walking tunnels are sometimes not installed where provision for 
the heating lines is the only consideration, but only where they are required 
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to accommodate miscellaneous other services or provide underground 
passage between buildings. 

SERVICE CONNECTIONS 

Most district heating companies enforce certain regulations regarding 
the consumer’s installation, partly to safeguard their own interests but 
principally to insure satisfactory and economical service to the consumer. 



Fig. 2. Connections for Reducing Valves of Size Less than 4 Inches 

There are certain fundamental principles that should be followed in the 
design of a building heating system which is to be supplied from street 
mains. Although some of these apply to any building, they have been 
demonstrated to be especially important when steam is purchased. 



Fig. 3. Connections for Reducing Valves of Size 4 Inches and 
Larger, and for Expanded Valves 

Figs. 2 and 3 show typical service connections used for low pressure 
steam service. As shown in Fig. 2, no by-pass is used around the reducing 
valve on sizes less than 4 in* Fig. 3 illustrates the use of a by-pass around 
reducing valves 4 in. and larger. This latter . construction permits the 

644 





Chapter 37 — ^District Heating 


operation of the line in case of failure in the reducing valve. In the smaller 
sizes, the reducing valve can be removed, a filler installed, and the house 
valve used to throttle the flow of steam. 

Fig. 4 shows a typical installation used for high pressure steam service. 
The first reducing valve, usually furnished by the utility company, 


Pressure reducing valve 



Fig. 4. Steam Supply Connection when Using Condensation Meter 


effects the initial pressure reduction. The second reducing valve, usually 
furnished by the customer, reduces the steam pressure to that required. 

1 . Provision should be made for conveniently shutting off the steam supply 
at night and at other times when heat is not needed. 

It has been thoroughly demonstrated that a considerable amount of 
heat can be saved by shutting off steam at night. Although there is, in 

Return main 



some cases, an increased consumption of heat when steam is again turned 
on in the morning, there is a large net saving which may be explained by 
the fact that the lower inside temperature maintained during the night 
obviously results in lower heat loss from the building, and less heat need 
therefore be supplied. 

Steam can be entirely shut off at night in most buildings even in very 
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Fig. 6, Typical Service Installation 
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cold weather without endangering plumbing. It is necessary, however, to 
have an ample amount of heating surface so that the building can be 
quickly warmed in the morning. Where the hours of occupancy differ in 
various parts of the building, it is good practice to install separate supply 
pipes to the different parts. For example, in an office building with 
stores or restaurants on the first floor which are open in the evening, a 
separate main supplying the first floor will permit the steam to be shut off 
from the remainder of the building in the late afternoon. The division of 
the building into zones each with a separately controlled heat supply is 
sometimes desirable, as it permits the heat to be adjusted according to 
variations in sunshine and wind. 

Residual heat in the condensate should be salvaged. 

This heat may be salvaged by means of a cooling radiator, or as is more 
frequently done, by a water heating economizer (see Fig. 5) which pre- 
heats the hot water supply to the building. Fig. 6 shows a typical steam 
service installation for high pressure steam, complete for steam flow 
metering, water heating, preheating, automatic heating control, and for 
using steam for other purposes. 

The condensation from the heating system, after leaving the trap, 
passes through the preheater on its way to the meter. The supply to the 
hot water heater passes through the preheater, absorbing heat from the 
condensation. If the hot water system in the building is of the recircu- 
lating type, the recirculating connection should be tied in between the 
preheater and the water heater proper, not at the preheater inlet, because 
the recirculated hot water is itself at a high temperature. The number of 
square feet of heating surface in the preheater should be approximately 
equal to one per cent of the equivalent square feet of heating surface in the 
building. 

Because of the lack of coincidence between the heating system load and 
the hot water demand, a greater amount of heat can be extracted from the 
condensation if storage capacity is provided for the preheated water. 
Frequently a type of preheater is used in which the coils are submerged 
in a storage tank. 

S, Heat supply should be graduated according to variations in the outside 
temperature. 

This may be done in several ways, as by the use of thermostats of 
various types or by orifice systems. Another method which is very simple 
is the use of an ordinary vacuum return line system in which the pressure 
in the radiators is varied between a high vacuum and a few pounds pres- 
sure, thus producing some control over the heat output. One form of con- 
trol which appears to be well suited for controlling district steam service 
to a building is the weather compensating thermostat. It regulates the 
steam supply automatically according to the outdoor temperature, and 
gives frequent short intervals of intermittent steam supply, and at the 
same time insures delivery of steam to all the radiators. 

Another form of regulation, known as the time-limit control, is sometimes 
employed for regulating the steam supply from the central station main to 
the building. Such a control provides an intermittent supply of steam to 
the radiation either throughout the 24 hpurs of the day or during the day- 
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time hours only. The setting of a switch may provide no service, con- 
tinuous service, or periodic service. For the latter, by means of several 
intermittent settings, steam will be supplied during each period in in- 
crements of a certain number of minutes for each successive setting of the 
switch, steam being shut off during the balance of the period. These 
settings afford from 15 to 80 per cent of the maximum heating effect 
required on days of zero temperature. A night switch with a variety of 
settings may be adjusted so as to maintain throughout the night the 
intermittent supply called for by the day switch setting, or may be set to 
interrupt the operation of the day switch and entirely cut off the supply 
of steam to the radiation at night during certain hours which are selected 
by the operating engineer. 

FLUID METERS 

No one thing has contributed more to the advancement of district 
heating than the perfection of fluid meters, which may be classified as 
follows : 

1. Positive Meters: The fluid passes in successive isolated quantities — either weights 
or volumes. These quantities are separated from the stream and isolated by alternately 
filling and emptying containers of known capacity. 

2. Differential Meters: The fluid does not pass in isolated separately-counted quan- 
tities but in a continuous stream which tnzY flow through the line without actuating 
the primary device of the meter. In the differential meter, the quantity of flow is not 
determined by simple counting, as with the positive meter, but is determined from the 
action of the steam on the primary element. 

Additional subdivisions of these two general classifications can be made 
as follows : 

■ “sW”* { SXp 

Positive - quantity 

Velum.,™ { HSZ 

Fluid 

Meters [ Quantity - Current - Turbine 

( Venturi 
Flow nozzle 
Orifice 
Pitot tube 

Area f Orifice and plu^ 

(Geometric) \ Cylinder and piston 

Head area f V-notch 

(Weir) \ Special notch 

In selecting a meter for a particular installation, the number of different 
makes and types of meters suitable for the job is usually limited by 
one or more of the following considerations: 

1. Its use in a new or an old installation. 

2. Method to be used in charging for the service. 

3. Location of the meter. 

4. Large or small quantity to be measured. 

5. Temporary or permanent installation. 
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Fig. 7. Orifice Meter Steam Supply Connection 


6. Cleanliness of the fluid to be measured. 

7. Temperature of the fluid to be measured. 

8. Accuracy expected. 

9. Nature of flow: turbulent, pulsating, or steady. 

10. Cost. 

(а) Purchase price. 

(б) Installation cost. 

(c) Calibration cost. 

(d) Maintenance cost. 

11. Servicing facilities of the manufacturer. 

12. Pressure at which fluid is to be metered. 

13. Type of record desired as to indicating, recording or totalizing. 

14. Stocking of repair parts. 

16. Use of open jets where steam is to be metered. 

16. Metering to be done by one meter or by a combination of meters. 

17. Use as a check meter. 

18. Its facilities for determining or recording information other than flow. 


Condensation Meters 

The majority of the meters used by district heating companies in the 
sale of steam to their customers are of the condensation or flow types. 

The condensation meter is a popular type for use on small and medium 
sized installations, where all of the condensate can be brought to a com- 
mon point for metering purposes. Its simplicity of design, ease in testing, 
accuracy at all loads, low cost, and adaptability to low pressure distri- 
bution has made it standard equipment with many heating companies. 

Two types of condensation meters are in general use : the tilting bucket 
meter and the revolting drum or rotor meter of which there are several 
makes on the market. Condensation meters should not be operated under 
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pressure; they are made for either gravity or vacuum installation. Con- 
tinuous flow traps are necessary ahead of the meter if a vented receiver is 
not used. Where bucket traps are used, a vented receiver before the 
meter is essential. If desirable a receiver may be used with a continuous 
flow trap, but this is not necessary. 

Steam flow meters are available in many types and combinations, as 
indicated in the subdivision covering fluid meters on page 648. 

The orifice and plug meter is one in which the steam flow varies directly 
as the area of the orifice. The vertical lift of the plug, which is proportional 
to the flow, is transmitted by means of a lever to an indicator and to a 



Fig. 8. Gravity Installation for Condensation Meter 
Using Vented Receivers 


pencil arm which records the flow on a strip chart. The total flow over a 
given period is obtained by measuring the area by using a plan! meter 
on the chart and applying the meter constant. 

Fig. 7 shows a typical orifice type meter connection and indicates 
typical requirements in the installation of this type of meter. Fig. 8 
illustrates a gravity installation using a vented receiver ahead of the 
meter, while Fig. 9 shows a vacuum installation without a master trap. 

Flow meters using an orifice, Venturi tube, flow nozzle, or Pitot tube 
as the primary device are made by a number of manufacturers and can 
be obtained in either the mechanically or electrically operated type. The 
electric flow meter makes it possible to locate the instruments at some 
distance from the primary element. 

Flow meters employing the orifice, Venturi tube, flow nozzle or Pitot 
tube should be so selected as to keep the lower operating range of the 
load above 20 per cent of the capacity of the meter. This is desirable for 
accuracy as the differential pressure at light loads is too small to properly 
actuate the meter. A few general points to be considered in installing a 
meter of this type are: 

1. It is desirable to place the differential medium ia a horizontal pipe in preference 
to a vertical one, where either location is available. 

2, Rfeservoirs should always be on the same level and installed in accordance with the 
instructions of the meter company. 
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3. The meter body should be placed at a lower level than that of the pressure differ- 
ential medium. Special instructions are furnished where the meter body is above. 

4. Meter piping should be kept free from leaks. 

5. Sludge should not be permitted to collect in the meter body. 

6. The meter body and meter piping should be kept above freezing temperatures. 

7. It is best not to connect a meter body to more than one service. 

8. Special instructions are furnished for metering a turbulent or pulsating flow. 

STEAM PER SQUARE FOOT OF HEATING SURFACE 

The following factors are used in New York City for the different classes 
of buildings listed. The factors are based on maintaining an inside tem- 



Fig. 9. Vacuum Condensation Meter Installation without Master Trap 

perature of 70 F for certain hours, with a minimum outside temperature of 

0 F and an average of 43 F for the heating season of eight months (October 

1 to June 1). In this group are six types of buildings: 

Manufacturing or commercial loft type where steam is used to heat the premises during 
the day hours to maintain 65 to 68 F from 9 a.m. to 6 p.m. No Sunday or holiday use 
and no night use. Factor: 325 lb per square foot of heating surface per season. 

Office buildings using steam during daylight hours to maintain 70 F from 9 a.m. to 
6 p.m. for approximately 240 days (heating season). No night use. Factor: 400 lb per 
square foot of heating surface per season. 

Office buildings using steam during day hours and at night when required to 7, 8 and 
9 p.m. (customary where there are stock brokers or banking offices), 240 days. Factor: 
600 lb per square foot of heating surface per season. 

Residences of the block type (not detached) where high-class heating service is re- 
quired; somewhat similar to apartment buildings. Factor: 650 Ib p^r square foot of 
heating surface per season. 


6a 



American Society of Heating and Ventilating Engineers Guide, 1935 


Apartment houses where high-class heating service is required. (Steam off at mid- 
night.) Factor: 650 lb per square foot of heating surface per season. 

Hotels (commercial type) where very high-class service is required for 24 hours. 
Factor: 800 lb per square foot of heating surface per season. 

By assuming one square foot of equivalent heating surface for each 
100 cu ft of space heated, which seems a fair ratio in New York City, it is 
possible roughly to estimate the steam required per cubic foot of space, 
information which is often more easily obtained than the square feet of 
heating surface. Additional data on the heating requirements of various 
types of buildings in a number of cities may be found in the Handbook 
of the National District JH eating Association, 

RATES 

Fundamentally, district heating rates are based upon the same princi- 
ples as those recognized in the electric light and power industry, the main 
object being a reasonable return on the investment. However, there are 
other requirements to be met ; the rate for each class of service should be 
based upon the cost to the utility company of the service supplied and 
upon the value of the service to the consumer, and it must be between 
these two limits. The profit need not be divided proportionately among 
the rated groups, but should be established from a competitive stand- 
point. District heating rates should be designed to produce a sufficient 
return on the investment regardless of weather conditions, although 
existing rate schedules do not conform with this principle. Lastly, the 
rate schedule must be reasonably easy for the intelligent layman to 
comprehend. 

Depreciation should be based on a careful estimate of the life of various 
elements of the property. Appropriations to reserves should be made, 
with generosity in good years and with discretion in less favorable years. 

Glossary of Terms 

Load Factor, The ratio, in per cent, of the average load to the maxi- 
mum load. This is usually based on a one year period but may be applied 
to any specified period. 

Demand Factor, The relation between the connected radiator surface 
or required radiator surface and the demand of the particular installation. 
It varies from 0.25 to 0.3 lb per hour per square foot of surface. 

Diversity Factor, The ratio of the sum of the individual demands of a 
number of buildings to the actual composite demand of the group. 

Types of Rates 

A, Flat Rates. 

1. Radiator surface charge. Obsolescent, 

B, Meter Rates. 

1. Straight-line. 

2. Step. Obsolescent, 

3. Block. 

(a) Class rates. 

C, Demand Rates. 

1. Flat demand. 

2. Wright. 

3. Hopkinson. 

4. Doherty (or Three charge). 
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Straight-Line Meter^ Rate. The price charged per unit is constant^ and the consumer 
pays in direct proportion to his consumption without regard to the difference in costs of 
supplying the individual customers. 

Block Meter Rate. The pounds of steam consumed by a customer are divided into 
blocks of M pounds each, and lower rates are charged for each successive block consumed. 
This type of charge predominates in steam heating rate schedules for it has the ad- 
vantage of pmportioning the bill according to the consumption and the cost of service. 
It has the disadvantage of not discriminating between customers having a high load 
factor (relatively low demand) and those having a low load factor (relatively high 
demand). The utility company must maintain sufficient capacity to serve the high 
demand customers and the cost of the increased plant investment is divided equally 
among the users, so the high demand customers are benefited at the expense of the 
others. 

Demand Rates. These refer to any method of charge based on a measured maximum 
load during a specified period of time. 

The flat demand rate is usually expressed in dollars per M lb of demand per 
month or per annum. It is based on the size of a customer’s installation, and is 
seldom used except where a flow meter is not practicable. 

The Wright demand rate is similar in calculation to the block rate except that it is 
expressed in terms of hours’ use of the maximum demand. It is seldom used but 
forms the basis for other forms of rates. 

The Hopkmson demand rate is divided into two elements: 

{a) A charge based upon the demand, either estimated or measured; 

(&) A charge based upon the amount of steam consumed. 

This rate may be modified by dividing the quantities of steam demanded and 
consumed into blocks charged for at different rates. 

Demand rates are comparatively new and are not yet widely used; though they are 
equitable and competitive they are difficult for the average layman to understand. 
They are of benefit to utility companies and to consumers because the investment and 
operating costs can be divided to suit the particular circumstances into demand, cus- 
tomer, and consumption groups through the use of some modification of the Hopkinson 
rate. 

Fuel Price Surcharge. It is usually desirable to establish a rate upon a specified basic 
cost of fuel to the utility company. Where there are wide variations in the price of fuel, 
it is also desirable to add a definite charge per M lb of steam sold for each increment of 
increase in the price of fuel. This surcharge automatically compensates for the variations 
without necessitating frequent changing of the whole rate structure, 
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PROBLEMS m PRACTICE 

1 • What is the common method of determining the size of mains in a dis- 
tribution system? 

On the basis of pressure drop: The initial pressure and the minimum permissible 
terminal pressure are specified, and the pipe sizes are so chosen that the maximum 
estimated amount of steam may be transmitted without exceeding this pressure dif- 
ference. The steam’s velocity is disregarded and it may reach a magnitude in excess of 
35,000 fpm which is not considered high. 

2 • a. What are the advantages and disadvantages of a low pressure distribu- 
tion system? 

b. High pressure? 

a. The advantages of a low pressure distribution system include: 

1. Smaller heat loss from the pipes. 

2. Less trouble with traps and valves. 

3. Simpler problems with pressure reducing equipment at the buildings. 

4. No danger to building heating equipment from high pressure through failure of the 
reducing valves. 

The disadvantages of a low pressure system are: 

1. Larger pipe sizes. 

2, Decreased field of usefulness owing to small pressure range. 

b. The advantages of a high pressure system are: 

1. Smaller pipe sizes. 

2. Greater adaptability of the steam to various uses other than building heating. 

The disadvantages of a high pressure system are: 

1. Large heat loss from the pipes. 

2. The high pressure traps and valves required often give more trouble than low 
pressure traps and valves do. 

3. Extra heavy fittings are required. 

4. Usually two reducing valves or some form of emergency relief is necessary to 
protect the building piping system. 

3 • Determine the size of pipe from the following data using Unwin’s formula; 
Length of pipe, 600 ft. 

Steam to be carried, 90,000 lb per hour, dry saturated. 

Initial pressure, 100 lb per square inch, gage. 

Final pressure, 40 lb per square inch, gage. 

Using the formula: 

0.0001306 W*L 1 + 

p __ , 

The pressure drop P =« 100 — 40 « 60 Ib per square inch. 

90 000 

The weight of steam per minute W == « 1500. 

The length of pipe in feet L « 600. 

The average density of steam y in pounds per cubic foot, takeij l^Ceenaq’s TT^ble: 

At 100-lb gage, y “ 0.2578 
At 40-lb gage, y » 0.1285 
Average, y « 0.1932 

The diameter of the pipe in inches =» 8. 
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Substituting the values in the formula: 


60 - 


0.0001306 X 15002 x 600 ^ 1 + 


0.1932 X 


d - 7,35 in. 

Therefore, an 8-in. pipe should be used. 

4 • What points should be borne in mind when laying out an underground 
steam conduit? 

The conduit should be reasonably waterproof, able to withstand earth loads and to take 
care of the expansion and contraction of the piping without strain or stress on the 
couplings, or without affecting the insulation or the conduit.^ Expansion of the piping 
must be carefully controlled by means of anchors and expansion joints or bends so that 
the pipes can never come in contact with the conduit. 

5 • What is considered the proper pressure for a hydrostatic test before com- 
pleting the conduit? 

In the case of any underground piping which is to be buried or otherwise made inacces- 
sible, the assembled lines shall first be tested hydrostatically at a pressure of one and one- 
half times the maximum allowable service pressure and held for a period of at least two 
hours without evidence of leakage. In any case the hydrostatic pressure should not be 
less than 100 lb per square inch. 

6 • What factors should be considered before determining the route of a steam 
line? 

1. The line should be so located that it will bring in the greatest revenue (or supply the 
most steam) with the least cost. 

2. The ultimate length and size of services and branches necessary with each possible 
location should be estimated, for mains should be run near to the big loads. 

3. The location of the boiler room or piping center of present and future buildings to be 
served should be considered, 

4. Where possible, make the lines straight between manholes. 

5. Avoid such obstructions as other lines, sewers, ducts, curb drains, manholes, valve 
boxes, catch basins, fire hydrants, and poles; especially avoid electric ducts and water 
lines. 

6. Avoid locating lines near where pile driving and foundation construction for new 
buildings will take place. 

7. Consider construction difficulties such as traffic, hard rock, and wet earth, which 
increase time and labor, 

8. Consider the economies of using available sidewalk vaults of buildings. Weigh the 
advantage of less excavation against the cost of obstruction removal. 

9. Consider all operating difficulties. 

10. Consider the difficulties of negotiating agreements for lines on private property 
where public and private rights-of-way are available. 

11. Consider the effect of proposed municipal and other improvements. 

12. Consider municipal regulations. 

7. • State the advantages and disadvantages of tunnels over conduits. 

The advantages of pipe tunnels over conduits are: 

1. Accommodation for miscellaneous services other than steam. 

2. Provision of an underground passage between buildings. 

3. Easy installation of additional pipes and easy replacement of existing pipes with 
larger sizes. 

4. Easy inspection and maintenance of pipes. 
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The disadvantages of pipe tunnels over conduits are: 

1. Higher first cost. 

2. Higher maintenance cost in general. 

8 • Is the steam consumption less in a building that shuts off its steam at 
night than in one that does not? Why? 

It has been thoroughly demonstrated that the steam consumption is less in a building 
where the steam is shut oif at night. Although therejs, in some cases, an increased con- 
sumption of heat when steam is again turned on in the morning, there is a large net 
saving which may be explained by the fact that the lower inside temperature maintained 
during the night obviously results in lower heat loss from the building, and less heat need 
therefore be supplied. 

9 • What are the common methods for salvaging heat in condensate? 

The most common methods are: 

1. The use of a water heating economizer for preheating the hot water supply to the 
building. 

2. The use of a cooling radiator, 

10 • What are the common means used to graduate the heat supply according 
to variations in outside temperature? 

a. A weather compensating thermostat regulates the steam supply automatically 
according to the outdoor temperature, and gives frequent short intervals of inter- 
mittent steam supply; at the same time it insures delivery of steam to all the radiators. 

b. Another method which is very simple is the use of an ordinary vacuum return line 
system in which the pressure in the radiators is varied between a high vacuum and a 
few pounds to produce some control over the heat output. 

c. The use of an orifice system graduates heat supply. 

d. The time-limit control which may be set to provide no service, continuous service, or 
periodic service, is also used. For periodic service, steam may be supplied during 
each period in increments of a certain number of minutes for each successive setting 
of the switch, steam being shut off during the balance of the period. This type of 
service is provided by several intermittent settings. A night switch will maintain 
the intermittent day setting, or interrupt the day operation and cut off the supply of 
steam at night during any desired hours. 
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RADIANT HEATING 


Physical and Physiological Considerations, British Equivalent 
Temperature, Control of Heat Losses, Methods of Application, 
Principles of Calculation, Mean Badiant Temperatute, Measure^ 
ment of Radiant Heating 


H eating for comfort is generally understood to mean that heat 
must be supplied to control the rate of heat loss from the human 
body so that the physiological reactions are conducive to a feeling of 
comfort in the individual. While in convection heating, as described in 
Chapter 30, heat is transferred from a heating unit to the air and thence 
to the occupant, the primary object of radiant heating is to warm the 
occupant directly without heating the air to any extent. Thus, the 
difference between convection heating and radiant heating is partly 
physical and partly physiological. 

Comfort requires that heat be removed from the body at the same rate 
as it is generated by the oxidation of the foodstuffs in the body tissues. 
The normal rate of heat production in a sedentary individual is about 
400 Btu per hourh or, since the entire surface area of an average adult is 
19.5 sq ft, about 20.5 Btu per square foot per hour. Conditions should be 
such as to remove heat at this rate if the surface is to be maintained at the 
mean normal surface temperature of the human body. 

Heat is transferred from any warm dry body to cooler surroundings 
principally by convection and by radiation, the approximate total rate of 
heat loss being the sum of the two. Where the body surface is moist there 
is additional loss of heat through evaporation from both the body surface 
and the respiratory tract.. 

The rate of heat loss by convection depends upon the difference between 
the temperature of the body and that of the surrounding air, and on the 
rate of air motion over the body. The loss by radiation depends entirely 
upon the difference between the temperature of the body and the mean 
surface temperature of the surrounding walls and objects. This latter 
temperature is called the mean radiant temperature (MRT). Because 
these two types of heat loss act in a supplementary manner toward each 
other, a required rate of heat loss can be secured by having a relatively 
low air temperature and a relatively high MRT, or vice versa. Thus, if the 
air is reduced from a given temperature to a lower temperature, the 
amount of heat lost from the body by convection is increased, and this 


^Heat and Moisture Losses from the Human Body and Their Relation to Air Conditioning Problems, 
by F. C. Houghten, W. W. Teague. W. E. Miller, and W. P. Yant (A.S.H.V.E. Transactions, Vol. 36. 
1929). 
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increase can be compensated for by raising the MRT. Similarly, with a 
higher air temperature the same total heat loss will be maintained by a 
correspondingly lower MRT. 

The loss by evaporation depends on the air temperature, air movement, 
and humidity; it is increased if the humidity is reduced. For the usual 
conditions of heating by radiators or convectors, where the air tempera- 
ture ranges from 70 F to 73 F, approximately 75 per cent of the total heat 
loss of 400 Btu per hour occurs by radiation and convection, and the 
balance, or 100 Btu per hour, occurs by evaporation. In the case of 
radiant heating, if the air temperature is reduced to 60 F, 84 per cent of 
the 400 Btu per hour, or 336 Btu per hour, is lost by radiation and con- 
vection, and 64 Btu per hour are lost by evaporation. 

The mean normal surface temperature of the human body, taken over 
the whole area, including not only the exposed skin surface but also sur- 
faces of the clothes and the hair, has been very extensively used as 75 F, 
particularly in British literature. However, results obtained by Aldrich- 
in rooms in which the air and wall surface temperatures were approxi- 
mately 72 F gave mean values nearer to 83 F than to 75 F. 

The mean body surface temperature which will maintain the optimum 
heat loss by radiation and convection in a uniform environment of 72 F 
may be calculated from fundamental equations for radiation and natural 
convection by substituting a comparable cylinder for the body. Heilman^ 
gives the following equations: 

0.1723 . [(^o)"-(^y] (1) 

Fc = 1.235 (^)°-" X X (rs - (2) 

where 

Hr ==* heat loss by radiation, Btu per square foot per hour. 

He = heat loss by convection, Btu per square foot per hour. 

Tb = absolute temperature of the body surface, degrees Fahrenheit. 

Tw = absolute temperature of the walls, degrees Fahrenheit. 

TV = absolute temperature of the air, degrees Fahrenheit. 

^ _ Fa + Ta 

D = diameter of cylinder, inches. 
e « the ratio of actual emission to black body emission. 

If it be assumed that a normal adult has an average height of 6 ft 8 in. 
and an average body surface area of 19.5 sq ft, the surface of his body will 
have the same area as that of a cylinder 5 ft 8 in. long with a diameter of 
13.15 in. The value of e for skin and clothing is practically 0.95. Ta and 
Tw are each taken as 72 F, or 532 Absolute. The sum of Hr and He is 
taken to be 15,4 Btu per square foot per hour, which is derived as the 
normal rate of heat loss due to convection and radiation from a sedentary 
individual by dividing his total sensible heat loss by his area. Solution of 


*A study of Body Radiation, by L. B. Aldrich (Smithsonian Miscellaneous Collections, Vol, 81, No. 6, 
December, 1928). 

•Surface Heat Tranamissjon, by R. H. Heifman {Trans* Fuds and Steam Power Section* 

Vol. 51, No. 22, September-December, 1929). 
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Equations 1 and 2, using average figures as outlined, gives a value of 
approximately 83 F for the normal temperature of the body surface. 
This agrees more closely with the values obtained by Aldrich than with 
the 75 F used by British investigators. 


British Equivalent Temperature 

The British Equivalent Temperature BET is the temperature of an 
environment which is eflfective in controlling the rate of sensible heat loss 
from a sizable black body in still air when the body has a maintained 
surface temperature of 83 F. The BET is, therefore, a function of both 
the air temperature and the mean radiant temperature. Its numerical 
value in a uniform environment (walls ^.nd air at the same temperature) 
is equal to the temperature of the walls and air. In a non-uniform environ- 
ment (walls and air at different temperatures) the BET is equivalent to 
that of a uniform environment in which an 83 F surface loses sensible 
heat at the same rate as it does in the non-uniform environment. As 
originally defined, the BET was based on a body surface temperature of 
75 F, but 83 F has been accepted as giving results more nearly conforming 
with American practiced The higher the BET the less the heat loss from 
the body, the rate of loss in still air being approximately proportional to 
the difference between the BET and the mean body surface temperature. 

If the BET were 83 F, there could be no sensible heat loss from a 
surface at that temperature, so the temperature of a normal body surface 
would have to rise to a point where the heat generated in the tissues could 
be dissipated. 

When convected heat is used, the temperatures of the air and walls are 
nearly the same, and the optimum value of the BET from the physio- 
logical point of view is 72 F. Under these conditions the mean surface 
temperature of a normal body would have the optimum value of 83 F 
because the rate of heat loss by radiation and convection would be 15.4 
Btu per square foot per hour and that by evaporation 5.1 Btu per square 
foot per hour, which would just balance the rate of heat production of 
20.5 Btu per square foot per hour* This BET of 72 F in a uniform 
environment is exactly equivalent to the effective temperature of 66 F as 
defined by the American Society of Heating and Ventilating 
Engineers (see Chapter 2), because, in a uniform environment, a dry- 
bulb temperature of 72 F in still air with a relative humidity of 30 per cent 
gives an effective temperature of 66 F, which has been determined to be 
the optimum. 

METHODS OF APPLICATION 

There are two general methods of applying radiant heating, as follow: 

1, By warming the interior surfaces of the building. Pipe coils are embedded in the 
concrete or plaster of the walls, ceiling or floors, the heating medium being hot water or, 
in some cases, steam. This has the effect of warming the entire concrete or plaster 
surface in which the pipes are embedded. Since the temperature of the heating medium 
should not exceed about 120 F on account of the possibility of cracking the plaster, the 
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area of the panel must be sufficient to supply the requisite quantity of heat at this low- 
temperature. When carefully designed, this method produces comfortable and eco- 
nomical results. 

2. By attaching separate heated plates or panels to the interior surfaces of the structure. 
These plates or panels are placed either in an insulated recess flush with the surface of 
the walls or ceiling or bolted on its face. They may be decorated as desired. As it is 
difficult to make an invisible joint between the edge of such a plate and the plaster, it is 
common to use a frame of plaster, wood, metal or composition around the panel. These 
plates may be placed either on the ceiling or the wall, or in some cases as a margin 
around the edge of the floor. If floor heating is required the temperature over the whole 
area should not exceed 70 F. 

If the entire warm surface is installed at one end of the room there may 
be a marked difference between the BET on the two sides of a body in the 
room. It is usually desirable therefore that the heat be distributed at 
different points in the room so that no uncomfortable effects will be felt 
from unequal heating. 

PRINCIPLES OF CALCULATION 

The calculations for radiant heating are entirely different from those 
for convective heating. The purpose of the latter is to determine the rate 
of heat loss from the room by conduction, convection, and radiation when 
maintained in the desired condition; radiant heating involves the regu- 
lation of the rate of heat loss per square foot from the human body. 

The first step in the calculations for radiant heating is to ascertain the 
necessary mean radiant temperature (MRT) : next, the size, temperature, 
and disposition of the heating surfaces required in the room to produce 
this MRT are estimated; and after this the determination of the convec- 
tive heat is made. 

Mean Radiant Temperature 

If the whole of the interior surface of a room were at the same tempera- 
ture, this' temperature would represent the MRT. Such a condition 
seldom exists, however, since the actual surface temperature in any 
heated space having surfaces exposed to the outer air varies greatly for 
different sides of the enclosure. It is therefore necessary to ascertain by 
calculation the mean of these interior surface temperatures. 

The mean temperature in this sense is not the arithmetic average of the 
actual thermometric temperatures of the surfaces, but the temperature 
corresponding to the average rate of heat emission per square foot of 
surface. The temperature corresponding to this mean emission can be 
taken from Table 1, Conversely, the emission at different temperatures 
and also the emissivity factors can be obtained from this table. For 
instance, 1 sq ft of surface at 50 F will emit 104.9 Btu per square foot per 
hour to surroundings at absolute zero if the emissivity of the surface is 0.9. 

If the area in square feet of each part of the space is multiplied by the 
emission value corresponding to its actual temperature, and these products 
are added together, the gross amount of radiant heat discharged into the 
room by the wall surface per hour is obtained. This quantity, divided by 
the total interior surface, gives the average amount of heat coming into 
the room from the surface of the walls per square foot of surface per hour. 

Interpolating in Table 1, the total radiation from a surface at 83 F for 
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Table 1. Total Black Body Radiation to Surroundings at Absolute Zero^ 


Body 

OR 

Mean 

Radiant 

Temper- 

Radiation in Btu per square foot per hour 
emitted to surroundings with a tempera- 
ture of absolute zero by bodies at various 
temperatures and with emissivity factor e 

Body 

OR 

Mean 

Radiant 

Temper- 

Radiation in Btu per square foot per hour emitted 
to surroundings with a temperature of absolute 
zero by bodies at various temperatures and 
with emissivity factor e 

ATURE 

Deg 

Fahr 

e 

1.00 

e 

0.9S 

e 

0-90 

e 

0.80 

ATURE 

Deg 

Fahr 

e 

1.00 

e 

0.95 

e 

0.90 

e 

0.80 

30 

99.3 

94.3 

89.4 

79.4 

71 

136.5 

129.6 

122.9 

109.3 

35 

103.5 

98.3 

93.2 

82.8 

72 

137.4 

130.5 

123.6 

109.9 

40 

107.6 

102.4 

96.8 

86.1 

73 

; 138.4 

131.5 

124.5 

110.6 

45 

112.1 

106.5 

100.9 

89.7 

74 

139.6 

132.6 

125.6 

111.7 

46 

112.9 

107.3 

101.6 

90.4 

75 

141.0 

133.9 

126.9 

112.8 

47 

113.9 

108.2 

102.5 

91.1 

80 

146.6 

139.4 

132.0 

117.4 

48 

114.8 

109.1 

103.4 

91.9 

85 

152.3 

144.6 

137.1 

121.9 

49 

115.6 

109.9 

104.1 

92.4 

90 

157.9 

149.9 

142.1 

126.4 

50 

116.5 

110.6 

104.9 

93.2 

100 

169.6 

: 161.1 

152.6 

135.7 

51 

117.5 

111.6 

105.8 

94.0 

110 

181.6 

! 172.5 

163.5 

145.4 

52 

118.4 

112.5 

106.5 

94.7 

120 

194.8 

185.0 

175.4 

155.9 

53 

119.4 

113.4 

107.4 

95.5 

130 

210.1 

199.6 

189.1 

168.1 

54 

120.2 

114.2 

108.2 

96.2 

140 

223.2 

212.1 

201.0 

178.5 

55 

121.1 

115.1 

109.0 

96.9 

150 

237.1 

225.2 

213.5 

189.7 

56 

122.1 

116.0 

109.9 

97.7 

160 

251.1 

238.8 

226.0 

201.0 

57 

123.1 

117.0 

110.9 

98.5 

170 

270.5 

257.0 

243.5 

216.4 

58 

124.0 

117.8 

111.6 

99.2 

180 

288.0 

273.8 

259.1 

230.4 

59 

124.9 

118.6 

112.4 

99.9 

190 

306.5 

291.0 

275.8 

245.1 

60 

125.8 

119.5 

113.4 

100.7 

200 

325.2 

309.0 

292.8 

260.3 

61 

126,6 

120.3 

114.0 

101.4 

210 

348.0 

330.6 

313.1 

278.4 

62 

127.7 

121.4 

114.9 

102.2 

220 

371.5 

353.0 

334.4 

297.1 

63 

128.6 

122.2 

115.8 

102.9 

250 

437.8 

415.9 

394.0 

350.2 

64 

129.6 

123'.1 

116.7 

103.7 

300 

575.0 

546.1 

517.5 

460.0 

65 

130.5 

124.0 

117.5 

104.4 

350 

740.0 

703.0 

666.0 

592.0 

66 

131.6 

125,0 

118.4 

105.4 

400 

942.1 

895.0 

847.5 

753.5 

67 

132.5 

125.9 

119.3 

106.0 

450 

1176.0 

1117.0 

1059.0 

941.0 

68 

133.5 

126.8 

120.1 

106.8 

500 

1464.0 

1390.0 

1318.0 

1171.0 

69 

134.5 

127.8 

121.1 

107.6 

550 

1791. D 

1701.0 

1613.0 

1434.0 

70 

135.5 

128.8 

121.9 

108.4 

600 

2405.0 

2284.0 

2165.0 

1925.0 


oThese factors are calculated from the formula 

n 

^ ^ \ 100 , 000,000 ) 

where 

0 ■■ total black body radiation, Btu per square foot per hour. 
e «-• emisaivity. 

T •“ absolute temperature, degrees Fahrenheit. 


an emissivity of 0.95 is 142 Btu per square foot per hour. The difference 
between 142 Btu and the average amount of heat coming into the room is 
the amount which will be lost per square foot per hour by radiation from 
a body at 83 F. If a rate at which it is desired that heat be lost from the 
body by radiation and convection be assumed, the mean radiant emission 
from the walls required to give the desired result can be determined from 
Table. 1, as can also the required air temperature for the corresponding 
convective effect. 

The determination of the amount of radiant heating surface needed in 
a room requires knowledge of the climate, the type of structure, the type 
of heating, and the surface temperature of the walls. This problem can 
be solved only on an empirical basis. After some experience, however, 
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it is possible to estimate these variables with a considerable degree of 
accuracy for any climate or construction. 

Assume that a mean radiant temperature of 65 F is desired. Table 1 
shows that with all the walls at this temperature, and with an emissivity 
of 0.95, the gross heat emission is 124 Btu per square foot per hour. The 
total emission of radiation into the room from that surface would there- 
fore be ^ X 124, where A is the total inside area of the room. This is the 
desired emission. 

If the whole area be divided into a number of different parts which are 
each at a uniform temperature — ai, ag, — and each is multiplied by the 
value of the heat emission corresponding to that temperature, and if all 
these products are added together, their sum will represent the total 
actual emission of radiation into the room at these temperatures without 
the aid of any hot surface. 

The difference between the desired emission and the actual emission 
represents the additional heat which must be supplied by the hot surface. 
The temperature of the proposed hot surface must then be selected, and 
its emission per square foot at that temperature determined from Table 1. 
This emission is divided into the additional amount of heat needed, ad- 
justed for the fact that the heating units will shield the walls behind 
them, and the quotient obtained will be the area of the required heating 
surface. 

It is evident that this method of calculation is approximate, and 
depends for its accuracy on a correct estimate of the ultimate surface 
temperatures attained by the actual wall surfaces. 

It is necessary also to calculate how much heat will be given off by the 
same surfaces by convection, and thereby to determine whether this 
amount of convected heat will warm entering ventilating air to the tem- 
perature maintained. If it will not, additional convection surfaces must 
be introduced to make up the deficiency. 

MEASUREMENT OF RADIANT HEATING 

Convection heating, having as its object the raising of the air tempera- 
ture to a specified degree, must be measured by thermometric methods 
which indicate essentially the air temperature, and not the rate of heat 
loss from the human body. Radiant heating, having as its object the 
control of the rate of heat loss from the human body, can be measured 
only by methods which basically are calorimetric, that is, which measure 
directly the rate of heat loss from an object maintained at the temperature 
of the body, irrespective of air temperature. 

The apparatus for this purpose consists essentially of a hollow sphere, 
or cylinder, containing a fluid which can be maintained accurately at 83 F 
(the accepted mean surface temperature of the human body), with an 
accurate means of measuring the rate of heat supply required to maintain 
the temperature at that exact point. The latter measurement can be 
made with sufficient accuracy by electrical methods. Although a BET of 
72 F is desirable, the mean radiant and air temperatures may both vary, 
provided the heat loss by radiation and convection from a surface at 
83 F is maintained at the rate of 16.4 Btu per square foot per hour, 
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which corresponds to == 4.5 watts per square foot of exposed 

surface. 

This instrument, the eupdtheo scope, can readily be adapted as a thermo- 
stat by electrical control to shut off or turn on heat when the critical 
temperature of 83 F in the vessel is increased or decreased. A modifi- 
cation of the instrument is called the eupatheostat. 

Another instrument for maintaining comfort conditions is at present 
available only in a model adapted to British practice as it is designed for a 
temperature of 75 F. It consists of a blackened copper sphere of approxi- 
mately 6 in. diameter in which is housed a cylindrical sump containing a 
volatile liquid. In operation, a small electric heating coil drawing about 
5 watts creates in the sphere a vapor pressure which is constant as long as 
the heat losses from the sphere are standard. If the temperature of the 
air or the MRT becomes too high for comfort, a greater pressure is 
created, owing to a smaller loss of heat from the sphere. This increase of 
pressure acts on a diaphragm and shuts off the supply of heat to the room. 

For testing work, the globe thermometer is a very useful instrument. It 
consists of an ordinary mercury thermometer, with its bulb placed in the 
center of a sphere from 6 in. to 9 in. in diameter, usually made of thin 
copper and painted black. The temperature thus recorded is termed the 
radiation-convection temperature. 

EXAMPLE 

Example 1. The surface areas, temperatures, and emissions for a room having a 
volume of 5760 cu ft are given in Table 2. The figures for temperatures are fairly 
representative of American practice with well-built walls, and are based on an emissivity 
of 0.95 which approximates that of most paints and building materials. 


Table 2. Surface Areas, Temperatures, and Emissions for a Room of 5760 Cu Ft 



Arhja 

SqFt 

Assumbd SmofACB 
Thmphrattob 
(Dhq Fahr) 

Hbat Emission 
(Btu Pee Sq Ft 
PEE Hottb) 

Total Heat Emission 
FROM Area 
(B a?u per Hour) 

External Wall 

297 

50 

110.6 

32,850 

Glass 

279 

45 

106.5 

29,710 

Inner Wall 

480 

65 

115.1 

55,250 

Ceiling.—. 

480 

55 

115.1 

55,250 

Floor 

480 

56 

116.1 

55,250 

Total 

2016 



228,310 


228 310 

The mean radiant temperature of the room is— == 113.2 Btu per square foot 

per hour which, as seen from Table 1, corresponds to an MRT of 53 F for an average 
emissivity of 0.96. 

For an average individual having a body surface of 19.6 sq ft, under conditions of 
comfort with a body surface temperature of 83 F, the heat given off by radiation may be 
determined by means of Equation 1 as 217 Btu per hour, or 11.1 Btu per square foot per 
hour. This corresponds to an environmental emission of 142 — 11.1 »= 130.9 Btu per 
square foot per hour, and, according to Table 1, to an MRT of 72 F. 

If this body be placed in the room described, it will lose heat at the rate of 19.5 
(142 — 113.2) « Btu per hour. This loss is 345 Btu per hour, or 17.7 Btu per sq^a^e 
toot per hour, more thao the rate of heat loss for comfort, which is only 19.6 (142 - 130.9) 

217 Btu per hour. 
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In order to determine the amount of radiating surface necessary to maintain the MRT 
at 72 F, assume the surface temperature of the hot plates to be installed to be 200 F, 
which is approximately the temperature they would have if heated by steam. 


The 2016 sq ft total area of the surfaces of the room multiplied by 130.9, which is the 
emission in Btu per square foot per hour necessary to maintain a body surface tempera- 
ture of 83 F, gives a total desired emission of 263,890 Btu per hour. It is necessary to 
supply enough radiant heating surface to increase the total actual mean radiant heat 
emission by the room from 228,310, as shown in Table 2, to the 263,890 Btu desired. 
The additional heat needed is the difference between these figures, or 35,580 Btu. Since, 
from Table 1, the emission per square foot at 200 F is 309 Btu, the required radiant 


heating surface needed is 


35,580 

309 


115 square feet. The effect of this surface suitably 


placed would be to raise immediately the mean radiant temperature to the required 
degree and to maintain it at that value as long as the surfaces remained at the values 
assumed. 


In the solution of this particular example, the radiation loss from the 
human body was selected as 217 Btu per hour, which is that taking place 
under optimum comfort conditions, with a body surface temperature of 
83 F in a uniform environment at 72 F. The mean radiant temperature 
necessarily was 72 F. If the optimum BET of 72 deg Fahr is desired, 
an air temperature of 72 F also must be maintained. If it is desired to 
maintain a lower air temperature than this, a mean radiant temperature 
greater than 72 F must be selected and the radiation loss from the in- 
dividual must be recalculated from Equation 1. 

The calculation may be simplified by preparing tables showing, at the 
usual temperatures, the area of hot surface required to bring each square 
foot of actual wall surface at various temperatures up to a general 
standard of from 60 F to 70 F. It would then be necessary only to 
multiply the respective areas by the appropriate factors, and to add the 
results, to obtain the required total. 
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PROBLEMS IN PRACTICE 

1 • Name three ways that heat is lost from the human body. 

By radiation, convection, and evaporation. 

2 • What is the mean normal surface temperature of the human body as 
determined for the United States? 

83 F. 

3 • What is the exact purpose of radiant heating? 

Radiant heating regulates the heat loss from the human body. 

4 • How is the required amount of radiant heating surface found? 

By calculating the desired emission and the actual emission, and finding their difference. 
This is additional heat which must be supplied by the hot surface. 

5 • After finding the required heat, how is the necessary hot surface area 
calculated? 

Having selected the hot surface temperature, find the emission per square foot from 
Table 1. This rate divided into the heat required gives the area of the necessary heating 
surface. 

6 • Is the heat generated in the body affected by action? If so, does it vary 
greatly? 

Yes. With hard work or energetic exercise, the total heat generated in the body may be 
five to six times that generated when it is at rest. 

7 • When and why does the human body feel cold? 

The body feels cold not only when it loses heat at a greater rate than it can generate it, 
but also when heat is abstracted from the body disproportionately. The human body 
does not require any heat from without because it generates more heat than is sufficient 
to maintain the correct temperature; therefore, it is only necessary to provide conditions 
that will maintain the correct ratio of losses. 

B • a. Where did radiant heating derive its name? 
b. What is actually meant by radiant heating? 

a. The term radiant heaters was introduced about 25 years ago to designate flat heating 
surfaces made to give off practically all their heat by radiant ether waves instead of 
relying on convected warm air. 

h. The term radiant heating now applies to methods of heating where, instead of heating 
the air to a predetermined temperature, flat heating surfaces are so placed in a room 
that the average virtual temperature of all wall, ceiling, floor, and glass surfaces 
exposed to the body is just sufficient to prevent the body's losing too much heat by 
radiation. The air temperature can be much cooler with radiant heating because 
radiation losses from the body are compensated. 

9 • What kind of heating surfaces are in general use? 

The heating units may have flat iron surfaces heated with steam and placed under 
windows, or hot water pipes may be embedded in the floor, walls, or ceilings. Electrical 
radiant heaters are made by embedding resistance elements in porcelain or electric 
conductors woven into a thick paper which can be fastened to the walls or ceilings. 

10 • What kind of heat rays are commonly generated in radiant heating? 
Give examples. 

All heat rays are generally assumed to be the same as light rays; they travel at the speed 
of light, but they are invisible and longer. The rays used in heating are 0.00005 to 
0.0001 in. long compared with visible red rays of about 0,000027 in. 
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11 • What natural evidence have we that air temperature alone is no criterion 
of comfort and that radiant heat affects the body more quickly? 

When standing in the sunshine on a cool spring day, a person feels perfectly comfortable, 
but when a cloud passes over the sun, he instantly feels much cooler as the shadow 
reaches him. A shielded thermometer recording the temperature of the air shows no 
reduction in air temperature in so short a period, so that the person actually feels a 
sensation of cold which an ordinary thermometer cannot register. This shows that 
light and heat rays are shut off simultaneously and travel at the same speed; it also 
proves that radiant rays affect the comfort of the body quicker than air temperature 
does. 
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ELECTRICAL HEATING 


Resistors, Heating Elements, Electric Heaters, Unit Heaters, 
Central Fan Heating, Electric Steam Heating, Electric Hot Water 
Heating, Heat Pump, Control, Calculating Capacities, Power 
Problems, Electric Heating Data 

E lectric heating has a logical and a rapidly growing place in the 
heating industry because of its advantages of flexibility, cleanliness, 
safety, convenience, and ease of control. Electric heating practice has 
many basic principles in common with fuel heating, but there are also 
important differences. The advantages of good building insulation are 
even more important in electric heating than for fuel heating, because the 
initial cost per Btu is usually higher. 

All heat is a form of energy. Fuels hold stored chemical energy which 
is released into heat by combustion. Electrical power is a form of energy 
which can be released into heat by passing it through a resisting material. 
Both fuel and electric heating have two divisions: first, the conversion of 
energy into heat; second, the distribution and practical use of the heat 
after it is produced. 

In converting the chemical energy of fuels into heat by combustion, 
there is necessarily a considerable variation in thermal efficiency. This 
is not true, however, when converting electric power into heat, because 
100 per cent of the energy applied in the resistor is always transformed 
into heat. In electric heating practice the engineer need not be concerned 
about efficiencies of heat production, but rather about efficiencies of heat 
utilization. 

DEFINITIONS 

Definitions of terms used in fuel heating aire given in Chapter 41, The 
following terms apply particularly to electric heating: 

Electric Resistor s A material used to produce heat by passing an electric current 
through it. * 

Electric Heating Element: A unit assembly consisting of a resistor, insulated 
supports, and terminals for connecting the resistor to electric power. 

Electric Heater: A complete assembly of heating elements with their enclosure, 
ready for installation in service. 

RESISTORS 

Solids, liquids^ and gases may be used as resistors, but most com- 
mercial electric heating elements have solid resistors, such as metal 
alloys, and non-metallic compounds containing carbon. In some types of 
electric boilers, water forms the resistor which is heated by an alternating 
current of electricity passing through it. One of the more common 
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resistors is nickel-chromium wire or ribbon which, in order to avoid 
oxidation, contains practically no iron. 

HEATING ELEMENTS 

Commercial electric heating elements are divided into open type 
elements, enclosed type elements, and cloth fabrics. Open type elements 
have resistors exposed to view. The resistors may be coils of wire or 
metal ribbon, supported by refractory insulation, or they may be non- 
metallic rods, mounted on insulators. Open type elements are used 
extensively for operation at high temperatures when radiant heat is 
desired. They are also frequently used at low temperatures for convec- 
tion and fan circulation heating, especially in large installations. 

Enclosed type elements have metallic resistors embedded in a refractory 
insulating material, and encased in a protective sheath of metal. Fins or 
extended surfaces may be used to add heat-dissipating area. Enclosed 
elements are made in many forms, such as strips, rings, plates, and tubes. 
Strip elements are used for clamping to surfaces requiring heat by con- 
duction, and in convection and fan circulation air heaters. Ring and 
plate elements are used in electric ranges, waffle irons, and in many small 
air heaters. Tubular elements may be immersed in liquids, cast into 
metal, and, when formed into coils, used in electric ranges and air heaters. 
Cloth fabrics woven from flexible resistor wires and asbestos thread, are 
used for many low temperature purposes. 

ELECTRIC HEATERS 

Electric heaters are classified according to the manner in which they 
deliver heat in practical use, that is, by conduction, by radiation, or by 
convection. The term radiator should not be used in electric heating, 
because of confusion between its established usage in fuel heating and the 
radiant principle of many electric heaters. 

Among the uses of conduction electric heaters^ which deliver most of their 
heat by actual contact with the object to be heated, are aviators^ cloth- 
ing, hot pads, foot warmers, soil heaters, ice melters, and pipe heaters. 
Conduction heaters are useful in conserving and localizing heat delivery 
at definite points. They are not suitable for general air heating. 

Radiant electric heaters^ which deliver most of their heat by radiation, 
have high temperature incandescent heating elements and reflectors to 
concentrate the heat rays in the desired directions. The immediate and 
pleasant sensation of warmth which is caused by radiant heat makes this 
type desirable for temporary use where the heat rays can fall directly 
upon the body. They are not satisfactory for general heating, as radiant 
heat rays do not warm the air through which they pass. They must 
first be absorbed by walls, furniture, or other solid objects which then 
give up the heat to the air. The location of radiant heaters is important. 
They should never face a window because some rays would pass through 
the glass and be lost. Figs. 1 and 2 show common types of portable and 
wall-mounted radiant heaters. 

Convection electric heaters, designed to induce thermal air circulation, 
deliver heat largely by convection, and should be located and used in 
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much the same manner as steam and hot water radiators or convectors. 
They should have heating elements of large area, with moderate surface 
temperature, enclosed to give proper stack effect to draw cold air from 
the floor line (Figs. 3 and 4). The flexibility possible with electric heating 
elements should discourage the use of secondary mediums for heat 
transfer. Water and steam add nothing to the efficiency of an electric 
heater and entail expensive construction. 


UNIT HEATERS 

Fan unit electric heaters, having electric heating elements combined in 
the same enclosure with a fan or blower, are made in many styles and are 
excellent for general air heating. They should be located and used much 



Fig. 1. Portable Radiant Electric 
Heater 



Fig. 2. Radiant Electric Heater 
Recessed in Wall 



Fig. 3. Convection Electric Heater Fig. 4. Convection Electric Heater 
ON Wall Surface Recessed in Wall 

as steam unit heaters. The warm air can be directed toward the floor, if 
desired, to give a positive circulation which will reduce stratification of 
air. Small units which are free from radio interference are used for 
homes; there are large units for industrial plants, substations, power 
houses, and pumping stations; portable units are useful for temporary 
work, such as drying out damp rooms, or for warming rooms during 
construction (Figs. 5, 6, 7 and 8). 

CENTRAL FAN HEATING 

Central fan electric heating systems have electric heating elernents and 
fans or blowers to circulate the air through ducts, and in addition to the 
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main heaters at the fan location, booster heaters may be located in branch 
ducts. Humidification or complete air conditioning can readily be in- 
cluded in the system, in much the same manner as with steam. 

In coordinating the input of heat energy and the volume of air circu- 
lation, a basic difference between electric heating and steam heating 
enters into the problem. Steam is approximately a constant-temperature 
source of heat for any given pressure as a change in air volume flowing 
over steam coils does not greatly affect the temperature of the delivered 
air. The amount of steam condensed (heat input) varies in proportion to 
the air volume, but the surface temperature of the steam coils remains 



Fig. 5. Small Portable Fan Unit 
Electric Heater 



Fig. 7. Small Fan Unit Electric 
Heater 



Fig. 6. Large Industrial Type Port- 
able Fan Unit Electric Heater 



Fig. 8. Large Industrial Type Fan 
Unit Electric Heater 


about the same. Electric heat is quite different, being a constant source 
of energy. If the volume of air flow over electric heating elements is 
changed, and no change is made in the electrical power connections, there 
will be a corresponding change in the temperature of the air delivered 
because the electrical energy input remains constant and the surface 
temperature of the heating elements will vary as is necessary to force the 
air to accept all the heat. With electric heat the total heat is constant 
unless some compensating action is performed by control. Automatic 
modulation to vary the electrical heat input and synchronize it properly 
with the air flow has been successfully applied to central fan systems. 

ELECTRIC STEAM HEATING 

Electric steam heating differs from fuel heating only in the use of electric 
boilers to generate steam. Small boilers usually have heating elements 
of the enclosed metal resistor type immersed in the water. Boilers of this 
construction may be used on either direct or alternating current since the 
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heat is delivered to the water by contact with the hot surfaces. To lessen 
the likelihood that the heating elements will burn out, they are made 
removable for cleaning off deposits of scale which will restrict the heat 
flow. Boilers of this type are useful in industrial plants which require 
limited amounts of steam for local processes, and for sterilizers, jacketed 
vessels, and pressing machines which need a ready supply of steam. 

Electric boilers are entirely automatic and are well adapted to inter- 
mittent operation. It frequently is economical to shut down the main 
plant boilers when the heating season ends, and to supply steam for 
summer needs with small electric boilers located close to the operation. 
Large electric boilers are usually of the type employing water as the 
resistor. Only alternating current can be used, as direct current would 
cause electrolytic deterioration. Large boilers of this kind have electrodes 
immersed in the water where heat is generated directly. In Canada and 
Europe many successful installations have been made, but in the United 
States the cost of electric power, in comparison with fuels, does not favor 
its general use. 


ELECTRIC HOT WATER HEATING 

Electric hot water heating offers an extremely convenient and reliable 
means of supplying all needs for hot water, and in sections of the country 
where low current rates have made it economically feasible, it enjoys 
popularity. Electric boilers for hot water heating are inexpensive, 
entirely automatic, and are insulated to prevent excessive heat losses. 
When lower power costs can be secured, by confining the heating to 
certain fixed hours, water may be heated and stored in well-insulated 
tanks for use when needed. In large industrial plants it is often possible 
to balance power loads by this means and to avoid running the fuel-fired 
steam boilers at night or over week ends. In Europe use has been made of 
this hot water storage principle for heating. Experiments have been 
made in this country for heating houses, but the cost of serving individual 
homes with the necessary heavy electric power loads has proved un- 
profitable at rates comparable to other forms of heating. The problems 
incident to installing large storage tanks in home basements, and the lack 
of flexibility under variable weather conditions, are also unfavorable 
factors. 


OIL HEATING 

Electric hot oil heating is useful in some industrial work as a substitute 
for superheated steam. Special oil can be electrically heated as high as 
600 F and pumped at a pressure just sufficient to cause flow. When used 
in heating coils or jacketed vessels, this gives a safe, and convenient, 
automatic system for moderate-sized installations. 

HEAT PUMP 

The electric heat pump is not strictly an electric heater, as it does not 
directly convert electrical power into heat. It operates a compressor 
electrically whioh acts as a reversible refrigerating unit to extract heat 
from the outdoor air in winter and deliver it indoors for heating purposes, 
and, by a reversal, to extract heat from the indoOr air in summer and 
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discharge it outdoors. This system has been used in evenly-balanced 
climates where the heating requirements in winter are about the same as 
the cooling requirements in summer, 

AUXILIARY ELECTRIC HEATING 

In conjunction with heating systems of other types, an auxiliary elec- 
trical heating arrangement is a convenient means of caring for mild days 
in the spring and fall which require little heat to make a house or building- 
comfortable. Likewise, such electrical heating might be used on ab- 
normally cold days to help out the main heating system and by this means 
reduce the necessary size of the system. 

Because of the feeling of comfort that a radiant type heater gives, 
bathrooms may be heated electrically with this type of heater while the 
rest of the house is cared for by some other system. Offices and rooms 
which require heat at periods when the main heating plant is shut down 
are conveniently cared for electrically. 


CONTROL 

Because the efficiency of electric heat production is the same for large 
or small units, it is possible to reduce heat waste to a minimum by apply- 
ing local heating, locally controlled. Wherever radiant heaters are used, 
thermostats are not an effective means of control and manual operation 
or control by eupatheoscope is necessary. For all convection and fan 
circulation heaters thermostatic control is useful. For small heaters 
having ratings up to about 1500 watts, there are direct-acting thermostats 
which are satisfactory, but for larger heaters it is advisable to use relays 
or contactors, which should break all of the power lines. All heaters 
having fan circulation should have the heat circuit interlocked with the 
motor circuit so that the fan will be running when the heat is on. A 
thermal fuse or trip should be located in the heat chamber to throw off 
the heat in case any interruption of air flow should occur; otherwise 
undue temperature rise would result. In all large heaters the heating 
elements should be arranged in groups and control provided to vary the 
heat input to correspond approximately to the heat demand. If this is 
not done, and all the heat is kept available, the thermostat will continue 
throwing it on and off at short intervals. Except for central fan systems, 
the heat stages can be operated by manual switches, but automatic 
modulation of the heat load is usually preferred. 


CALCULATING CAPACITIES 


The methods of calculating heat losses outlined in Chapters 6, 7, and 8 
may be used for electric heating exactly as for fuel heating. The total 
heat requirements in Btu per hour may then be converted into the 
electrical rating of an equivalent heating system by using the equation : 


Total Btu per hour 

3415 


kw rating of required electric heating 


( 1 ) 


The following empirical rules for estimating electric heater require- 
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merits may be used in territories where the heating load is never greater 
than 1500 degree days: 

Capacity of heater required for average room in home 2 watts per cubic foot. 

Capacity of heater required for average office occupied 

in the daytime only 1.2 watts per cubic foot. 


POWER PROBLEMS 

The first point to determine is the cost of the power which is available 
for electric heating. Unlike fuels, there is no uniform cost for electric 
power because of the unequal cost of distribution to large and small 
users. The fact that electricity cannot be economically stored, but must 
be used as fast as it is generated, makes it impossible to operate power 
plants at uniform loads ; hence, even the time of use may affect the cost of 
power. 

Homes are almost universally supplied with lighting current of 115 
volts, which cannot be used economically for any but the smallest heaters. 
Usually the service lines will not permit more than plug-in devices. The 
underwriters permit heaters of 1250 watts to be used from approved 
baseboard receptacles. Where homes have 230 volt service for cooking 
and water heating, and rates are favorable, larger heaters can be installed. 
For industrial purposes, heaters should be designed to use polyphase 
power, which is usually supplied at 230, 460 or 575 volts. All polyphase 
heaters should be balanced between phases. 

ELECTRIC HEATING DATA 

Electric heater capacity is rated in kilowatts (kw). Electric energy is 
measured in kilowatt-hours (kwhr). Cost of operation = kw rating 
X hours used X cost per kwhr. 

One boiler horsepower (bhp) = 33,471.9 Btu per hour. 

One kilowatt-hour (kwhr) = 3,416 Btu. 

oo 47-1 q 

One boiler horsepower = ^ = 9.80 kwhr. 

One boiler horsepower will evaporate 34.5 lb water per hour from and at 212 F. 

34 5 

One kilowatt-hour = = 3.52 lb of water per hour at 212 F. 

Additional conversion factors are given in Chapter 41. 


PROBLEMS IRT PRACTICE 


1 # Why is electrical energy economically feasible to use for certain heating 
applications? 

а. Because heat from the radiant type of electrical heater is effective in producing com- 
fort for the occupant almost as soon as it is turned on, the heater may be turned off 
when the room in unoccupied. 

б. There is nothing to freeze in an electrical heater. 
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c. Electrical energy may be purchased at lower rates during off-peak periods and stored 
as heat in water kept in insulated tanks until needed. 

d. There is no wasted energy up the flue or in the ash as with fuel heating. 

2 • To wEat localities is electrical heating adaptable? 

To those localities where the heating season is relatively mild and where electrical 
energy is available at low cost, as in communities served by large hydro-electric plants. 

3 • Approximately how low must the rates be to permit the use of electricity 
for heating purposes? 

Probably the energy must sell for 2 cents or less per kwhr. At 2 cents the cost would be 
$5.86 per 1000 Mbh. (See Chapter 29 for comparison with other fuels.) ^ This looks 
high, but the seasonal energy consumption would not be as large with electricity as with 
other fuels, for reasons stated in Question 1. 

4 • Why is automatic control important in connection with electrical heating? 
The higher cost of the energy makes it essential that none be wasted. 

5 • In fan heating systems, what is an important difference between a steam 
heated coU and an electrically heated coil? 

A coil supplied with steam at constant pressure will remain at constant temperature 
regardless of the amount of air passing over it. The temperature of the electric coil 
supplied with a constant amount of energy will rise if the air quantity is decreased and 
fall if the air quantity is increased. 
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TEST METHODS AND INSTRUMENTS 


Pressure Measurement, Temperature Measurement, Air Move- 
ment, Humidity Measurement, Carbon Dioxide Determination, 

Dust Determination, Flue Gas Analysis, Measurement of Smoke 
Density, Heat Transmission, Eupatheoscope 

A tmospheric pressure is usually measured by a mercurial barom- 
eter which, in its simplest form, consists of a glass tube about 3 ft 
long, closed at the upper end, filled with mercury and inverted in a 
shallow bath of mercury. The pressure of the atmosphere on the exposed 
top of the mercury in the cistern supports a column of mercury in the 
tube to a height of about 30 in. Readings are taken of the height of the 
column between the levels of mercury in the tube and in the cistern. 
Atmospheric pressure is the same as the pressure exerted by this supported 
column of mercury, and, in pounds per square inch, is equal to its height 
in inches times 0.491, which is the weight in pounds of 1 cu in. of mercury. 
At latitude 45 deg and sea level, and at a temperature of 32 F, the atmos- 
phere will support a column of mercury 29.921 in. in height. The pressure 
of 14.7 lb per square inch, derived by multiplying 29.921 by 0.491, is 
called standard or normal barometric pressure. Since the height of the 
barometer depends on the density of the mercury as well as on the pres- 
sure of the atmosphere, and since the density is dependent on the tem- 
perature, mercurial barometer readings should always be corrected for 
temperature- An aneroid barometer contains no liquid; it is portable but 
less accurate than the mercurial barometer. Atmospheric pressure in 
bending the thin corrugated top of a partially exhausted metallic box, or 
in distorting a thin-walled bent tube of metal, is made to move a pointer. 

Pressures above or below atmospheric are usually measured by means 
of gages which indicate the difference between the pressure being measured 
and atmospheric pressure at the same time and place. A , gage which 
indicates pressures higher than atmospheric is known as a pressure gage^ 
and a gage which indicates pressures lower than atmospheric is known as a 
vacuum gage. The most common type of these gages contains a flexible 
hollow brass tube of oval cross section, known as a Bourdon tube. When 
subjected to unequal inside and outside pressures, this tube tends to 
straighten out, and a pointer motivated by this straightening indicates 
the pressure difference on a suitably graduated scale. 

High vacuum readings such as are encountered in condenser and steam 
jet refrigeration practice are commonly obtained by the use of mercury 
column vacuum gages. When the readings obtained with the mercurial 
barometer and those with the mercury vacuum gage have both been 
corrected to 32 F, the difference in the two readings will give the absolute 
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vacuum in inches of mercury. The following equation may be used to 
make corrections for temperature: 


where 


h == hi [1 -- 0.000101 (h - 0) 


h = height of mercury column corrected to temperature t, 
hi — actual height of mercury column. 
h = actual temperature of mercury column. 
i = temperature to which column is to be corrected. 

A gage which indicates pressures slightly above or below atmospheric is 
known as a draft gage. It is essentially a U tube containing either water, 
kerosene, alcohol, or mercury, with one leg exposed to the air and the 
other connected to a point where the pressure is to be determined. When 
the pressure being read is equal to atmospheric, the level of the liquid in 
the legs will be the same, indicating a zero gage pressure. When a pres- 
sure is applied to one leg, one side will fall and the other will rise an equal 
amount. The difference in height between the two liquid levels indicates 
the pressure expressed in inches of liquid used in the gage. 


TEMPERATURE MEASUREMENT 

In engineering work, mercurial thermometers are largely employed to 
measure the intensity of heat. These depend on the uniform expansion of 
mercury to indicate changes in temperature. An amount of mercury held 
in a sealed tube with a bulb at one end will rise to one definite level when 
immersed in melting ice, and to another definite level when immersed in 
boiling water. These two points are marked, and the space between them 
is divided into a number of equal portions, each of which is called a 
degree. In the Fahrenheit scale, there are 180 degrees thus obtained, 
while the centigrade scale has 100 and the Reaumur has 80. Like divisions 
are marked off on the column above and below these two determined 
points in order that a greater range of temperature may be read. 

Thermocouples^ may be used to measure any range of temperatures up 
to 2,900 F, When two dissimilar metals are joined at two points and a 
temperature difference exists between these junctions, an electromotive 
force will be developed. Its magnitude depends on the composition of the 
wires and the difference in temperature between the junctions. A poten- 
tiometer or sensitive galvanometer of high resistance connected to the 
thermocouple will give a deflection which is a function of the temperature 
difference between the hot and cold junctions. Thermocouples con- 
nected in series are called thermopiles. Thermocouples for the measure- 
ment of high temperatures are calibrated with the aid of the known 
melting points of pure metals. 

Resistance thermometers are suitable for temperature measurements up 
to 1800 F. These thermometers depend for their operation on the change 
of resistance with temperature of a platinum, nickel, or copper wire coil, 
and they are calibrated in the same way as thermocouples. 


'See A.S.H.V.E. research paper entitled Study of the Application of Thermocouples to the Measurement 
of Wall Surface Temperatures, by A. P. Kratz and E. L. Broderick (A.S.H.V.E, Transactions, Vol. 38, 
1932). 
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For temperatures above 500 F various types of pyrometers are employed. 
The mercurial pyrometer is a thermometer with an inert gas, such as 
nitrogen or carbon dioxide, above the mercury column to prevent the 
mercury from boiling. The radiation pyrometer consists of a thermopile 
upon which the radiation from a hot source is focused by a concave mirror. 
A sensitive galvanometer with a calibrated temperature scale indicates 
the thermo-electromotive force created by the heat on the thermopile. 
The optical pyrometer measures radiant energy by comparing the intensity 
of a narrow spectral band, usually red light emitted by the object, with 
that emitted by a standard light source (electric lamp). Thermo-electric 
pyrometers operate on the same principle as thermocouples. When 
measuring high temperatures, it is customary to hold the cold junction at 
room temperature and this may cause some error if the room temperature 
is above or below the calibration point. For extremely precise tempera- 
ture measurements, the cold junction is usually immersed in melting ice 
to fix the cold junction temperature. Various forms of hand-operated and 
automatic cold junction temperature compensators are also available. 

In the measuring of room temperatures care must be exercised to pre- 
vent the results from being affected by the body heat of the observer, 
by drafts from doors, windows and other openings, or by radiant heat 
from some local source such as a radiator or wall. All thermometers 
should be mercury thermometers with engraved stems. The total gradua- 
tions of the thermometers should be from 20 to 120 F, in one degree 
graduations. No ten, degrees should occupy a space of less than one-half 
inch. The accuracy throughout the whole scale must be within one-half 
degree. The operator should take hold of the top and no part of the body, 
including the hand, should be nearer than 10 in. to the bulb. The 
thermometer should not be closer than 5 ft to any door, window, or other 
opening; should not be closer than 12 in. to any wall; and should be 
between 3 and 5 ft from the floor. A sling instrument should be used for 
extreme accuracy. Thermocouples or resistance thermometers may also 
be used for room temperature measurements, an advantage being that the 
operator can read temperatures from outside the room if desired, and thus 
eliminate the errors which might be caused by his presence close to the 
temperature measuring device. 

For measuring duct temperatures a duct thermometer should be used, 
with the bulb extending into the duct at least 6 in. When the thermo- 
meter is to be permanently located in the duct, a pipe flange or nipple 
should be used to receive the threaded portion of the thermometer stem. 
When the thermometer is not to be permanently located, a cork or rubber 
stopper may be placed around the stem to prevent errors from air leakage. 
Readings should be taken at various locations in a duct so due con- 
sideration may be given to temperature stratification. ^ Other forms of 
temperature measuring devices may be used, but the active part must be 
at least 6 inches from the duct wall. 

Recording thermometers niay be used for testing, and for making 
continuous records of operation. Care should be taken, however, ^ to 
insure that time lag due to heavy measuring elements is kept to a mini- 
mum, so that the recorders will properly follow temperature fluctuations. 
Thermocouples made of fine wire will show less time lag than will many 
mercury bulb thermometers. 
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MEASUREMENT OF AIR MOVEMENT 

The quantity, velocity and pressure of air moved by a fan or flowing 
through a duct or grille may be determined by various methods. The 
instruments in common use are the Pitot tube, anemometer, direct 
reading velocity meter, and Kata-thermometer, the latter being suitable 
for low air velocities and being commonly used for measurements at 
points where the air is not confined in a duct. The use of calibrated 
nozzles, orifice plates, and Venturi meters are recognized methods, which, 
however, have little application in connection with ventilation practice. 

Pitot Tube 

This usually consists of two tubes, one within the other, which when 
properly held in the air stream will register the total or impact pressure 
and the static pressure, respectively. If these tubes are connected to 
opposite sides of a water column, or other type of manometer, the recorded 
pressure will be the differential or velocity pressure. Volume measure- 
ments may thus be made in a duct of known area. Pitot tube measure- 
ments are preferably used for air velocities exceeding 20 fps. Volumetric 
determinations from Pitot tube readings should take into account the 
barometric pressure and the temperature and humidity of the air measured. 

In general no accurate velocity pressure readings can be taken when the 
flow of air in ducts is turbulent. To insure accuracy a straight section of 
duct from 5 to 10 times its own diameter is desirable in order to straighten 
out the air currents. If it is necessary to take Pitot tube readings in 
shorter sections of straight duct, the results must be considered subject 
to some doubt and checked accordingly. For accurate work it is neces- 
sary to make a traverse of the duct, dividing its cross section into a 
number of imaginary equal areas and taking a reading in the center of 
each, the average of the velocities corresponding to these pressures giving 
the true velocity in the duct. 

Anemometer 

This instrument is delicate, and requires frequent calibration when 
accuracy is desired. The vanes of the instrument should never be 
touched and it should never be held in air having a velocity greater than 
that for which it is calibrated. ^ Readings taken directly in a fan inlet or 
discharge are likely to harm the instrument because of excessive velocities. 
In duct measurements the same procedure is followed as for the Pitot 
tube. The anemometer usually reads directly in linear feet. To obtain 
the velocity in feet per minute, the reading must be divided by the 
elapsed time in minutes. 

The following procedure for obtaining anemometer readings is based 
on research conducted at Armour Institute of Technology in codperation 
with the A.S.H.V.E. Research Laboratory^. 

Supply Grilles. The surface of the grille should be marked off into a 
number of equal areas approximately 6 in. square. A 4-in. anemometer 


^Measurement of Flow of Air through Registers and Grilles, by U. E. Davies (A.S.H.VX XltANSACTtOHS, 
Vol. 36, 1930, VoL 37, 1931, and A.S.H.V.E. Journal Section, H$ating, Piping and Air Con4iiianing, Sep- 
tember, 1933). 
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should be used and should be held at the center of each section in contact 
with the grille (or as close as possible) for a period of time sufficient to 
insure an average reading. In the case of supply grilles, the instrument 
should always be held with the dial facing the operator. The average of 
the corrected readings should then be used in the following formula to 
obtain the flow in cubic feet per minute: 


where 


. A 'j-’ d CVA (1 + p) 

cfm = CV — or 


( 1 ) 


V — average of corrected anemometer readings, feet per minute. 

A = gross area of grille, square feet. 
a = net free area of grille, square feet. 
p — percentage of free area of grille expressed as a decimal. 

C *= a coefficient that varies with the velocity from grille and may vary slightly 
with type of grille. For average use, with supply grilles, C can be taken 
as 0.97 at velocities from 150 to 600 fpm, and as 1.00 at higher velocities. 


Particular care should be exercised in the case of long, narrow grilles. 
The nature of the approach sometimes results in there being a narrow 
strip along the top or bottom of the grille through which no air will be 
flowing. This may be detected by holding the anemometer completely 
out of the air stream and then, moving it slowly inward over the grille until 
the vanes just start to move. The distance which the vanes extend over 
the grille opening at this moment will indicate the width of the dead strip. 
Only the remaining portion of the grille should be considered in making 
the calculations for gross and free area. 

Exhaust Grilles. The surface of the grille should be marked off and 
readings taken in the same manner as with supply grilles, except that the 
instrument should be held with the dial facing the grille, and in contact 
with it. The traverse should be taken at a uniform rate, allowing suf- 
ficient time in each space to minimize the percentage of error. In the case 
of exhaust grilles it is found that the formula 

cfm ^ KVA (2) 

in which 

y = average indicated velocity obtained by the anemometer traverse. 

A « gross area of grille, square feet. 

K = coefficient determined by experiment. For average use, with exhaust grilles, 
K may be taken as 0.8 for all usual velocities. 

This formula is of advantage, especially with ornamental grilles, in 
that the free area need not be measured. 

The flow of air through registers and grilles is of considerable impor- 
tance, being frequently the only convenient method of measuring the 
volume of supply air to a room. While duct measurements, if available, 
are more dependable, grille measurements provide a fairly accurate 
method, if care is taken in the technique of using the anemometer. 


Kata-Thermometer 

The Kata-thermometer can be used to determine air velocities pro- 
vided the walls and surrounding objects are at or near the room tern- 
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perature. Especially at low velocities it constitutes a useful instrument 
for readily detecting drafts. 

The instrument is essentially an alcohol thermometer with a bulb 
approximately 5^ in. in diameter and in. long with a stem 8 in. long 
reading from 100 F to 95 F, graduated to tenths of a degree. To take 
readings the bulb is heated in water until the alcohol expands and rises 
into a top reservoir. The time in seconds required for the liquid to 
fall from 100 F to 95 F is recorded with a stop watch and this time is a 
measure of the rate of cooling. 

The dry Kata loses its heat by radiation and by convection so for 
constant velocities the time of cooling is a function of the dry-bulb tem- 
perature of the surrounding air. The wet Kata, which has a cloth covering 
fitted snugly around its bulb, loses heat by radiation, convection, and 
evaporation, and for constant velocities its rate of cooling is a function of 
the wet-bulb temperature of the air irrespective of the dry-bulb tem- 
perature or relative humidity. It does not follow, however, that the 
difference in rate of cooling of the dry and the wet Kata is caused by 
evaporation. A change in the wet-bulb temperature produces a change in 
the surface temperature of the wet Kata which in turn affects the heat 
lost by radiation and by convection. 

Several precautions should be taken to obtain the best results with this 
instrument: 

1. To obtain velocity readings use the dry Kata since the error in timing is reduced. 

2. The instrument should be heated and allowed to cool two or three times before 
recording the final time of cooling. The first reading is not reliable, 

3. All traces of moisture must be removed from the dry Kata before timing to eli- 
minate error introduced by evaporation. 

4. Use only the formula applying to a particular instrument. Each Kata receives an 
individual calibration. 


HUMIDITY MEASUREMENT 

The sling psychrometer is the recognized standard instrument for 
determining humidities. In order to obtain accurate readings considerable 
skill is required on the part of the operator. The wicking and water must 
be clean and the temperature of the water should be slightly above the 
wet-bulb temperature of the surrounding air. The psychrometer should 
be swung rapidly and several and frequent observations should be made 
to see that the wet-bulb temperature has become stationary before the 
final reading is noted. Care should be taken that the wet-bulb has 
reached a minimum temperature, but the wick must still be moist. 
Standard psychrometric tables should be used. 

In making wet-bulb measurements below 32 F the same procedure is 
followed as above 32 F. The water is liquid at the start, but as the sling 
is operated it will freeze rapidly enough so that in quickly giving up the 
latent heat of fusion, the indicated wet-bulb temperature may drop 
below the actual wet-bulb temperature. After the liquid on the bulb has 
become thoroughly frozen the wet-bulb temperature will rise to normal. 
A very thin film of ice is more desirable than a thick film. Care must be 
taken to read the temperatures in the region below 32 F accurately 
because the spread between the wet- and dry-bulb is small. 
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In taking humidity readings in ducts it is usually impracticable to use 
a sling psychrometer. For this work the stationary hygrodeik arranged 
for bolting on to the side of the duct, with two bulbs extending into the 
duct, will be found very convenient. Owing to the velocity of the air 
passing over the bulbs within the duct an accurate reading will be secured, 
corresponding to that given by the sling psychrometer. 

Various forms of humidity recorders are available, some merely re- 
cording wet- and dry-bulb temperatures, and others recording relative 
humidity directly. Any form of wet- and dry-bulb device must have 
sufficient air velocity over the thermometer bulbs to insure accurate 
readings; this velocity should be secured by a fan if the air is not itself in 
motion, as in a duct. For extremely low humidities, or for humidity 
measurements above 212 F, a thermal conductivity method is available^. 

CARBON DIOXIDE DETERMINATION^ 

At ordinary concentrations carbon dioxide is not harmful. The amount 
of carbon dioxide in the air is a convenient index of the rate of air supply, 
and of the distribution of the air within rooms. Unequal carbon dioxide 
concentrations in parts of a room indicate improper air distribution. 

The Petterson-Palmquist apparatus has been generally accepted as the 
standard device for the determination of carbon dioxide in air investiga- 
tions. The principle involved is the measurement of a given volume of 
air, the absorption of the contained carbon dioxide in a caustic potash 
solution, and the remeasurement of the volume of air at the original 
pressure in a finely graduated capillary tube, the difference in volume 
representing the absorbed carbon dioxide. (See Report of Committee on 
Standard Methods for Examination of Air, American Public Health Asso- 
ciation^ Vol. 7, No. 1; American Journal of Public Health, Jan., 1917.) 

Where field conditions are such that this apparatus may not be con- 
veniently used, as in street cars, air samples may be collected in clean 
bottles having mercury-sealed rubber stoppers, and these may be sub- 
jected to laboratory analysis. 

DUST DETERMINATION 

Many laboratory methods have been developed to measure the dust in 
the air. These involve the collection of dust on sticky plates, on filter 
paper, in water, on porous crucibles, or by electric precipitation, and the 
subsequent determination of the amount of dust by microscopic counting, 
weighing, or titration. While there is no standard method, the Hill 
dust counter, using a microscope, the impinger®, using chemical changes 
in water, and the Lewis sampling tube®, involving the analytical weighing 
of a porous crucible, are accepted. All test results should be accompanied 
by the name of the instrument used as great variation in counts with the 


»“Gas Analysis by Measurement of Thermal Conductivity,'* H. A. Daynes, Cambridge Press, 1933. 
‘See A.S.H.V.E. research paper entitled Indices of Air Change and Air Distribution, by F. C. Houghten 
and J. L. Blackshaw (A.S.H.V.E. Journal Section, Beating, Piping and Air Conditioning, June, 1933). 
iPublU Bealih BidUtin, No. 144, 1925, U. S. Public Health Service. 

«Testi^ and Rating of Air Cleaning Devices Used for General Ventilation Work, by Samuel R. L^wis 
(A.S.H.V.E. Journal Section, Beating, Piping and Air Conditioning, May, 1933). 
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different instruments will be obtained. The American Society of 
Heating and Ventilating Engineers has developed a code^ for the 
testing and rating of air cleaning devices used in general ventilation work. 

FLUE CAS ANALYSIS 

The analysis of flue gases by chemical means is made with the Orsat 
apparatus. A solution of KOH is used to absorb the CO^. Free oxygen is 
absorbed by a mixture of pyrogallic acid and KOH. The solution for 
absorbing the CO is cuprous chloride. The apparatus consists of a 
burette surrounded by a water jacket, to receive and measure the volume 
of gas. The burette is connected by a manifold of glass to pipettes con- 
taining liquids for absorbing CO 2 , O 2 and CO. 

Various forms of automatic indicating and recording gas analysis 
devices are available, operating on either chemical or physical principles. 
Such devices are convenient for plant operation. 

MEASUREMENT OF SMOKE DENSITY 

Relative smoke density is usually measured by comparison with the 
Ringelmann Chart (Fig. 1). In making observations of the smoke issuing 
from a chimney, four cards ruled like those in Fig. 1, together with a card 
printed in solid black and another left entirely white, are placed in a 
horizontal row and hung at a point 50 ft from the observer and con- 
veniently in line with the chimney. At this distance, the lines become 
invisible, and the cards appear to be of different shades of gray, ranging 
from very light gray to almost black. The observer glances from the 
smoke coming from the chimney to the cards, which are numbered from 
0 to 5, determines which card most nearly corresponds with the color of 
the smoke, and makes a record accordingly, noting the time. Observa- 
tions are made continuously during one minute, and the estimated average 
density during that minute recorded. The average of all the records 
made during a boiler test is taken as the average figure for the smoke 
density during the test, and the entire record is plotted on cross-section 
paper in order to show how the smoke varied in density from time to time. 

Smoke Recorders 

Smoke recorders are available which give a much more accurate in- 
dication of the amount of smoke being produced than does the Ringel- 
mann Chart. Although most of these instruments are in the process of 
development, they constitute a satisfactory tool in the control of smoke 
emission. They all depend upon projecting a beam of light through the 
smoke flue or through a separate compartment from which a sample of the 
flue gas is drawn continuously. The light of the beam which passes 
through without being absorbed by the smoke is measured to determine 
the smoke density. Most of these instruments make use of a photo- 
electric cell or a thermopile to measure the relative amount of light which 
has not been absorbed. Standard electrical instruments serve for in- 
dicating or recording. 


’'See A.S.H.V.E. Standard Code for Teating and Rating Air Cleaning Devices Ui^ in General Ventila- 
tion Work, edition of July, 1934. 
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MEASUREMENT OF RATE OF HEAT TRANSMISSION 

The standard methods of testing built-up wall sections are by means of 
the guarded hot-box^ and the guarded hot-plate^. The Nicholls heat-flow 
meter^ may be used for testing actual walls of buildings. 

It would be obviously impossible to determine the air-to-air heat trans- 
mission coefficients of every type of wall construction in use with the 
heat-flow meter, the guarded hot-box or the guarded hot-plate on account 
of the great amount of time involved. Hence, the method of computing 
the coefficients from the fundamental constants must be resorted to in 
most cases. The guarded hot-plate is used to determine the fundamental 


Fig. 1. Ringelmann Smoke Chart 

constants. The heat-flow meter, guarded hot-box and guarded hot-plate 
tests can be used to good advantage in checking the accuracy of the 
computed values. 

If the hot-box or hot-plate methods are used, tests are usually run under 
still air conditions, which means there is no wind movement over the 
surfaces of the wall during the test. In the hot-plate method of test the 
inside surface coefficient is eliminated by the plate’s being in direct contact 
with the wall. In practice, some wind movement over the exterior surface 
of the wall should always be allowed for; hence, still-air coefficients cannot 
be used over the outside of the building during the heating season. 
Moreover, still-air transmission coefficients cannot be corrected to provide 
for moving-air conditions by applying a single constant factor. Computed 
coefficients of transmission for various types of construction are given 
in Chapter 5. 


EUPATHEOSCOPE 

The eupatheoscope affords a means of evaluating the combined effect of 
radiation and convection in a given environment in terms of a standard 
environment and in some terms related to human comfort. See Chapter 
38, 


•See Standard Code for Heat Transmission through Walls (A,S.H-V.E. Transactions. Vol. 34, 1928> 
and Report of the Committee on Heat Transmission, National Research Council. 

•See Measuring Heat Transmission in Building Structures and a Heat Transmission Meter, by P.. 
Nlchons (A.S,H.VVE. Transactions, Vol. 30, 1024^. 
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PROBLEMS IX PRACTICE 

1 • The hand on a pressure gage attached to a steam line indicates a pressure 
of 15 Ih per square inch and the barometric pressure is 14.7 lb per square inch. 
What is the absolute pressure, in pounds per square inch, being exerted by 
the steam? 

The absolute pressure exerted by the steam in the pipe is equal to the pressure indicated 
by the gage plus that exerted by the atmosphere. 

Total pressure = 15 -f 14.7 == 29.7 lb per square inch. 

2 • Outline the procedure to be followed in taking room temperatures. 

In taking room temperatures, a standard mercury thermometer should be used, with 
care taken that no part of the observer's body is nearer than 10 in. to the thermometer 
bulb. The thermometer should be held at least 5 ft away from any window, door or 
opening; it should be at least 12 in. away from any wall, and should be between 3 and 5 
ft from the floor. 

3 • What advantages other than its sensitiveness, has the U-tube draft gage or 
manometer for measurement of low pressures? 

Inherent accuracy without calibration and low cost of the essential parts, which are 
glass tubing and an ordinary scale. 

4 • Are thermocouples as accurate as mercury thermometers? 

Within the range which can be measured with both instruments (below 1000 F) either 
one may be made as sensitive as the service requires. The accuracy of a thermocouple 
temperature measurement depends chiefly on: 

1. An accurate calibration of the wire. 

2. The sensitiveness of the electrical instrument. 

3. Accurate cold-j unction control. 

4. Proper placement of the sensitive junction. 

5 • Is room temperature accurately measured by the ordinary wall thermo- 
meter? 

No, Wall thermometer measurements may be several degrees in error as compared with 
an observation properly made in the zone of occupancy, 

6 • When an anemometer is used for measuring the air discharged from a 
grille or register, does it read the velocity through the gross face area or the 
velocity through the net free area? 

Neither. If either of these velocities is required, it should be calculated by means of 
Equation 1. 

7 • Do common errors made in humidity determination produce a result that 
is too high or too low? 

A higher relative humidity than the true value is likely to be found, either because there 
is insufficient velocity over the wet-bulb or because the reading is not taken at the right 
time. 

8 • What is the purpose of the carbon dioxide determination? 

It is an index of the adequacy of fresh air supply and also an indicator of air distribution. 
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Glossary of Physical and Heating and Ventilating Terms Used 
in the Text, Standard Abbreviations, Conversion Equations, 
Drafting Symbols, A.S.H.V.E. Codes 

Absolute Humidity: See Humidity. 

Absolute Pressure: The sum, at any particular time, of the gage 
pressure and the atmospheric pressure. 

Absolute Temperature: The temperature of a substance measured 
above absolute zero. 

Absolute Zero: The temperature ( — 459.6 F) at which the molecular 
motion of a substance theoretically ceases. This is the temperature at 
which the substance theoretically contains no heat energy. 

Acceleration: The rate of change of velocity. In the fps system 
this is expressed in units of one foot per second per second. 

V 

a -y 

Acceleration Due to Gravity : The rate of gain in velocity of a freely 
falling body. In the fps system this is 32.174 feet per second per second. 

Adiabatic: An adjective pertaining to or designating variations in 
volume or pressure not accompanied by gain or loss of heat. When a 
substance undergoes adiabatic expansion, since it does not receive heat 
from without, the work which it does is at the expense of its internal 
energy, and therefore its temperature falls; similarly, when it is adia- 
batically compressed its temperature rises. 

Adsorptiou: The adhesion of the molecules of gases or dissolved sub- 
stances to the surfaces of solid bodies, resulting in a concentration of the 
gas or solution at the place of contact. 

Air Cleaner: A device designed for the purpose of removing air-borne 
impurities such as dusts, fumes, and smokes. (Air cleaners include air 
washers and air filters.) 

Air Conditioning: The simultaneous control of all or at least the first 
three of those factors affecting both the physical and chemical conditions 
of the atmosphere within any structure. These factors include tempera- 
ture, humidity, motion, distribution, dust, bacteria, odors, toxic gases, 
and ionization, most of which affect in greater or lesser degree human 
health or comfort. 

Air Infiltration : The inleakage of air through cracks and crevices, 
and through doors, windows and other openings, caused by wind pressure 
or temperature difference. 
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Air Washer: An enclosure in which air is forced through a spray of 
water in order to cleanse, humidify, or dehumidify the air. 

Anemometer: An instrument for measuring the velocity of moving 
air. 

Atmospheric Pressure: The pressure exerted by the atmosphere in 
all directions, as indicated by a barometer. Standard atmospheric pressure 
is considered to be 14.7 lb per square inch, which is equivalent to 29.92 in. 
of mercury. 

Baffle: A plate or wall for deflecting gases or fluids. 

Blast: This word was formerly used to denote forced air circulation, 
particularly in connection with central fan systems using steam or hot 
water as the heating medium. As applied in this sense, the word blast 
is now obsolete. 

BoBer: A closed vessel in which steam is generated or in which water is 
heated. 


Boiler Heating Surface: That portion of the surface of the heat- 
transfer apparatus in contact with the fluid being heated on one side and 
the gas or refractory being cooled on the other, in which the fluid being 
heated forms part of the circulating system ; this surface shall be measured 
on the side receiving heat. This includes the boiler, water walls, water 
screens, and water floor. {A.S.M.E. Power Test Codes, Series 1929.) 

Boiler Horsepower: The equivalent evaporation of 34.5 lb of water 
per hour from and at 212 F. This is equal to a heat output of 970.2 X 
34.5 = 33,471.9 Btu per hour. 

British Thermal Unit : The mean British thermal unit is of the 


heat required to raise the temperature of 1 lb of water from 32 F to 212 F. 
It is substantially equal to the quantity of heat required to raise 1 lb of 

water from 63 F to 64 F. One Btu = kwhr. 


By-pass: A pipe or duct, usually controlled by valve or damper, for 
short-circuiting fluid flow. 


Calorie: 


The mean calorie is -Jqq of the heat required to raise the 


temperature of 1 gram of water from Zero C to 100 C. It is substantially 
equal to the quantity of heat required to raise one gram of water from 
14.5 C to 15.5 C. 


Central Fan System: A mechanical indirect system of heating, 
ventilating, or air conditioning, in which the air is treated or handled by 
equipment located outside the rooms served, usually at a central location, 
and is conveyed to and from the rooms by means of a fan and a system of 
distribution ducts. See Chapters 9 and 22. 

Chimney Effect: The tendency in a duct or other vertical air passage 
for air to rise when heated, owing to its decrease in density. 

Coefficient of Transmission; The amount of heat (Btu) transmitted 
from air to air in one hour per square foot of the wall, floor, roof or ceiling 
for a difference in temperature of 1 F between the air on the inside and that 
on the outside of the wall, floor, roof or ceiling. 
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Column Radiator: A type of direct radiator. This radiator has not 
been listed by manufacturers since 1926. 

Comfort Line: The effective temperature at which the largest per- 
centage of adults feel comfortable. 

Comfort Zone' {Average): The range of effective temperatures over 
which the majority (50 per cent or more) of adults feel comfortable. 
Comfort Zone {Extreme): The range of effective temperatures over which 
one or more adults feel comfortable. (See Chapter 2.) 

Concealed Radiator : See Convector, 

Conductance: The amount of heat (Btu) transmitted from surface 
to surface in one hour through one square foot of a material or construc- 
tion, whatever its thickness, when the temperature difference is 1 F 
between the two surfaces. 

Conduction: The transmission of heat through and by means of 
matter unaccompanied by any obvious motion of the matter. 

Conductivity: The amount of heat (Btu) transmitted in one hour 
through one square foot of a homogeneous material 1 in. thick for a 
difference in temperature of 1 F between the two surfaces of the material. 

Conductor {heat): A material capable of readily conducting heat. 
The opposite of an insulator or insulation. 

Constant Relative Humidity Line: Any line on the psychrometric 
chart representing a series of conditions which may be evaluated by one 
percentage of relative humidity; there are also constant dry-bulb lines, 
wet-bulb lines, effective temperature lines, vapor pressure lines, and 
lines showing other physical properties of air mixed with water vapor. 

Control: Any manual or automatic device for the regulation of a 
machine to keep it at normal operation. If automatic, it is considered 
that the device is motivated by variations in temperature, pressure, 
time, light, or other influences. 

Convection; The transmission of heat by the circulation of a liquid 
or a gas such as air. Convection may be natural or forced. 

Convector: A concealed radiator. A heating unit and an enclosure 
or shield located either within, adjacent to, or exterior to the room or 
space to be heated, but transferring heat to the room or space mainly by 
the process of convection. If the heating unit is located exterior to the 
room or space to be heated, the heat is transferred through one or more 
ducts or pipes ; see Chapter 30. 

Corrosive; Having the power to wear away or gradually change the 
texture or substance of a material. 

Decibel: The standard unit for noise or sound intensity. One decibel 
is equal to ten times the logarithm to the base e of the ratio of the sound 
intensities. 

Degree-Day ; * A unit, based upon temperature difference and time, 
used in specifying the nominal heating load in winter. For any one day 
there exist as many degree-days as there are degrees Fahrenheit dif- 
ference in teuaperature between the average outside air temperature, 
taken over a 24-hour period, and a temperature of 65 F. 
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Dehumidify : To remove water vapor from the atmosphere; to 
remove water vapor or moisture from any material. 

Density: The weight of a unit volume, expressed in pounds per cubic 
W 

foot, p (rho) = ~y. 

Dew-Point Temperature: The temperature corresponding to satura- 
tion (100 per cent relative humidity) for a given moisture content. 

Diffuser: A vaned device placed at an air supply opening to direct the 
air flow. 

Direct-Indirect Heating Unit: A heating unit located in the room 
or space to be heated and partially enclosed, the enclosed portion being 
used to heat air which enters from outside the room. 

Direct Radiator : Same as radiator. 

Direct-Return System {Hot water): A hot water system in which the 
water, after it has passed through a heating unit, is returned to the boiler 
along a direct path so that the total distance traveled by the water is the 
shortest feasible, and so that there are considerable differences in the 
lengths of the several circuits composing the system. 

Down-Feed One-Pipe Riser {Steam): A pipe which carries steam 
downward to the heating units and into which the condensation from the 
heating units drains. 

Down-Feed System {Steam): A steam heating system in which the 
supply mains are above the level of the heating units which they serve. 

Draft Head {Side Outlet Enclosure): The height of a gravity convector 
between the bottom of the heating unit and the bottom of the air outlet 
opening. 

Draft Head {Top Outlet Enclosure) : The height of a gravity convector 
between the bottom of the heating unit and the top of the enclosure. 

Dry Air: Air with which no water vapor is mixed. This term is used 
comparatively, since in nature there is always some water vapor included 
in air, and such water vapor, being a gas, is dry. 

Dry -Bulb Temperature; The temperature of the air indicated by 
any type of thermometer not affected by the water vapor content or 
relative humidity of the air. 

Dry Return: A return pipe in a steam heating system which carries 
both water of condensation and air. See wet return. 

Dust; Solid material in a finely divided state, the particles of which 
are large and heavy enough to fall with increasing velocity, due to gravity 
in still air. For instance, particles of fine sand or grit, the average 
diameter of which is approximately 0.01 centimeter, such as are blown 
on a windy day, may be called dust. 

Dynamic Head or Pressure: The total or impact pressure. This is 
the sum of the radial pressure and the velocity pressurie at the point of 
measurement. 

Effective Temperature: An arbitrary index of the degree of warmth 
or cold felt by the human body in response to temperature, humidity, 
and movement of the air. Effective temperature is a composite index 
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which combines the readings of temperature, humidity, and air motion 
into a single value. The numerical value of the effective temperature 
scale has been fixed by the temperature of saturated air which induces an 
identical sensation of warmth. 

Enthalpy: Total heat or thermal potential. 

Entropy: The logarithmic probability of a state. It is the integra- 
tion between two absolute temperatures of the quotient of the quantity 
of heat divided by the absolute temperature at the condition at which the 
temperature is taken. It is, therefore, a numeric which explains a dif- 
ference in conditions between two points in a heat cycle. 

Entropy, which can vary with temperature, volume, or pressure, is 
constant during adiabatic expansion in a reversible cycle or during 
isentropic expansion in an irreversible cycle. Entropy is a function of the 
unavailable energy in any system. 

Equivalent Evaporation: The amount of water a boiler would 
evaporate, in pounds per hour, if it received feed water at 212 F and 
vaporized it at the same temperature and atmospheric pressure. 

Estimated Design Load: The load, stated in Btu per hour or equiv- 
alent direct radiation, as estimated by the purchaser for the conditions of 
inside and outside temperature for which the amount of installed radiation 
was determined. It is the sum of the heat emission of the radiation to be 
actually installed plus the allowance for the heat loss of the connecting 
piping plus the heat requirement for any apparatus requiring heat con- 
nected with the system. (A.S.H.V.E. Standard Code for Rating Steam 
Heating Solid Fuel Hand-Fired Boilers — edition of April 1932.) 

Estimated Maximum Load: Construed to mean the load stated in 
Btu per hour or equivalent direct radiation that has been estimated by 
the purchaser to be the greatest or maximum load that the boiler will be 
called upon to carry. (A.S.H.V.E. Standard Code for Rating Steam 
Heating Solid Fuel Hand-Fired Boilers — edition of April 1932.) 

Extended Heating Surface; See Heating Surface. 

Extended Surface Heating Unit: A heating unit having a relatively 
large amount of extended surface which may be integral with the core 
containing the heating medium or assembled over such a core, making 
good thermal contact by pressure or by being soldered to the core or by 
both pressure and soldering. An extended surface heating unit is usually 
placed within an enclosure and therefore functions as a convector. 

Fan Furnace System: See Warm Air Heating System. 

Force: The action on a body which tends to change its relative con- 

WV 

dition as to rest or motion. F - — 

Fumes; Particles of solid matter resulting from such chemical pro- 
cesses as combustion, explosion, and distillation, ranging from 0.1 to 1.0 
micron in size. 

Furnace; That part of a boiler or warm air heating plant in which 
combustion takes place. Also, a fire-pot. 

Furnace Volume {total): The total furnace volume for horizontal- 
return tubular boilers and water-tube boilers is the cubical contents of the 
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furnace between the grate and the first plane of entry into or between 
tubes. It therefore includes the volume behind the bridge wall as in 
ordinary horizontal -return tubular boiler settings, unless manifestly in- 
effective {i.e.j no gas flow taking place through it), as in the case of waste- 
heat boilers with auxiliary coal furnaces, where one part of the furnace is 
out of action when the other is being used. For Scotch or other internally 
fired boilers it is the cubical contents of the furnace, flues and combustion 
chamber, up to the plane of first entry into the tubes. {A,S.M.E, Power 
Test Codes, Series 1929.) 

Gage Pressure: Pressure measured from atmospheric pressure as a 
base. Gage pressure may be indicated by a manometer which has one leg 
connected to the pressure source and the other exposed to atmospheric 
pressure. 

Grate Area: The area of the grate surface, measured in square feet, 
to be used in estimating the rate of burning fuel. This area is construed 
to mean the area measured in the plane of the top surface of the grate, 
except that with special furnaces, such as those having magazine feed, or 
special shapes, the grate area shall be the mean area of the active part of 
the fuel bed taken perpendicular to the path of the gases through it. 
For furnaces having a secondary grate, such as those in double-grate 
down-draft boilers, the effective area shall be taken as the area of the 
upper grate plus one-eighth of the area of the lower grate, both areas 
being estimated as defined above. (A.S.H.V.E. Standard and Short 
Form Heat Balance Codes for Testing Low-Pressure Steam Heating 
Solid Fuel Boilers.) 

Gravity Warm Air Heating System : See Warm Air Heating System. 

Grille: A perforated covering for an air inlet or outlet usually made 
of wire screen, pressed steel, cast-iron or plaster. Grilles may be plain 
or ornamental. 

Heat: A form of energy generated by the transformation of some other 
form of energy, as by combustion, chemical action, or friction. Accord- 
ing to the molecular theory, heat consists of the^ kinetic and potential 
energy of the .molecules of a substance. The addition of heat energy to a 
body increases the temperature or the kinetic energy of motion of its 
molecules {sensible heat) or increases their potential energy of position but 
does not increase the temperature, as when melting or boiling occurs 
{latent heat). 

Heat Capacity ; The amount of heat (Btu or . calories) required to 
raise the temperature of a body of any mass and variety of parts one 
degree (Fahrenheit or centigrade). This will depend on the masses and 
specific heats of the various parts of the body. 

Therefore 

S “ -h w* -b m* 5 b . . . . etc. 
where 

S is the heat capacity and m\, m 2 , mj, and 5i, 52 , Si stand for the masses and cor- 
responding specific heats of the parts, respectively. 

Heating Medium: A substance such as water, steam, air, electricity 
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or furnace gas used to convey heat from the boiler, furnace or other source 
of heat or energy to the heating unit from which the heat is dissipated. 

Heating Surface: The exterior surface of a heating unit. Extended 
heating surface {or extended surface): Heating surface having air on both 
sides and heated by conduction from the prime surface. Prime Surface: 
Heating surface having the heating medium on one side and air (or 
extended surface) on the other. (See also Boiler Heating Surface,) 

Heat of the Liquid: The sensible heat of a mass of liquid above an 
arbitrary zero. 

Horsepower : A unit to indicate the time rate of doing work equal to 
550 ft-lb per second or 33,000 ft-lb per minute. (One horsepower = 
745.8 watts. In practice this is considered 746 watts.) 

Hot Water Heating System: A heating system in which water is 
used as the medium by which heat is carried through pipes from the boiler 
to the heating units. 

Humidify : To add water vapor to the atmosphere; to add water 
vapor or moisture to any material. 

Humidity: The water vapor mixed with dry air in the atmosphere. 
Absolute humidity refers to the weight of water vapor per unit volume of 
space occupied, expressed in grains or pounds per cubic foot. Specific 
humidity refers to the weight of water vapor in pounds carried by one lb of 
dry air. Relative humidity is a ratio, usually expressed in per cent, used to 
indicate the degree of saturation existing in any given space resulting 
from the water vapor present in that space. Relative humidity is either 
the ratio of the actual partial pressure of the water vapor in the air to the 
saturation pressure at the dry-bulb temperature, or the ratio of the actual 
density of the vapor to the density of saturated vapor at the dry-bulb 
temperature. The presence of air or other gases in the same space at the 
same time has nothing to do with the relative humidity of the space. 

Humidistat: A regulatory device, actuated by changes in humidity, 
used for the control of humidity. 

Hygrostat: Same as humidistat. 

Inch of Water: A measure of pressure which refers to the difference 
in the heights of the legs of a water filled manometer. 

Insulation {heat): A material having a relatively high heat-resistance 
per unit of thickness. 

Isobaric: An adjective used to indicate a change taking place at con- 
stant pressure. 

Isothermal: An adjective used to indicate a change taking place at 
constant temperature. 

Latent Heat ; See Heat, 

Laws of Thermodynamics : The first law states that the total energy 
of an isolated system remains constant and cannot be increased or dimini- 
shed by any physical process whatever. The second law states that no 
change in a system of bodies that takes place of itself can increase the 
available energy of a system. 

Manometer: An instrument for measuring pressures; essentially a 
U-tube partially filled with a liquid, usually water, mercury, or a light 
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oil, so the amount of displacement of the liquid indicates the pressure 
h)eing exerted on the instrument. 

Mass: The quantity of matter, in pounds, to which the unit of force 
(one pound) will give an acceleration of one foot per second per second. 

W 



Mb, Mbh^: Symbols which represent, respectively, 1000 Btu and 
1000 Btu per hour. 

Mechanical Equivalent of Heat: The mechanical energy necessary 
to produce 1 Btu of heat energy. J = 777.5 ft-lb. 

Micron: A unit of length, the thousandth part of one millimeter or 
the millionth of a meter. 

Mol: The unit of weight for gases. It is defined as m lb where m 
denotes the molecular weight of a gas. For any gas the volume of 
1 mol at 32 F and standard atmospheric pressure is 358.65 cu ft and the 
weight of a cubic foot is 0.002788 m lb. 

Neutral Zone: The level within a room or building at which the 
pressure is exactly equal to the outside barometric pressure. 

One-Pipe Supply Riser (sleam): A pipe which carries steam upward 
to a heating unit and which also carries the condensation from the heating 
unit in a direction opposite to the steam flow. 

One-Pipe System (hoi water): A hot water system in which the water 
flows through more than one heating unit before it returns to the boiler; 
consequently, the heating units farthest from the boiler are supplied 
with cooler water than those near the boiler in the same circuit. 

One-Pipe Sys tem (steam) : A steam heating system consisting of a 
main circuit in which the steam and condensate flow in the same pipe, 
usually in opposite directions. Ordinarily to each heating unit there is 
but one connection which must serve as both the supply and the return, 
although separate supply and return connections may be used. 

Overhead System: Any steam or hot water system in which the 
supply main is above the heating units. With a steam system the return 
must be below the heating units; with a water system, the return may 
be above the heating units. 

Panel Radiator: A heating unit placed on or flush with a flat wall 
surface and intended to function essentially as a radiator. 

Panel Warming : A method of heating involving the installation of 
the heating units (pipe coils) within the wall, floor or ceiling of the room, 
so that the heating process takes place mainly by radiation from the wall, 
floor or ceiling surfaces to the objects in the room. 

Plenum Chamber: An air compartment maintained under pressure 
and connected to one or more distributing ducts. 

Potentiometer: An instrument for measuring or comparing small 
electromotive forces. 

Power; The rate of performing work, expressed in units of horse- 
power, one of which is equal to 550 ft-lb of work per second, or 33,000 ft-lb 
per minute. 

Thtst symbols were approved by the A,S.H.V.E., June. 1033. 

692 



Chapter 41 — Terminology 


Prime Surface : See Heating Surface. 

Psychrometer : An instrument for ascertaining the humidity or 
hygrometric state of the atmosphere. Psychrometric: Pertaining to 
psychrometry or the state of the atmosphere as to moisture. Psychro- 
metry: The branch of physics that treats of the measurement of degree of 
moisture, especially the moisture mixed with the air. 

Pyrometer; An instrument for measuring high temperatures. 

Radiation: The transmission of heat through space by wave motion. 

Radiator: A heating unit exposed to view within the room or space to 
be heated. A radiator transfers heat by radiation to objects “it can see” 
and by conduction to the surrounding air which in turn is circulated by 
natural convection ; a so-called radiator is also a convector but the single 
term radiator has been established by long usage. Concealed Radiator: 
See Convector. 


Recessed Radiator; A heating unit set back into a wall recess but 
not enclosed. 

Refrigerant; A substance which produces a refrigerating effect by its- 
absorption of heat while expanding or vaporizing. 

Register: A grille with a built-in multiblade damper or shutter. 

Relative Humidity: See Humidity: see also discussion of relative- 
humidity in Chapter 1. 

Return Mains ; The pipes which return the heating medium from the 
heating units to the source of heat supply. 

Reversed-Return System {hot water): A hot water heating system- 
in which the water from several heating units is returned along paths 
arranged so that all circuits composing the system or composing a major- 
subdivision of the system are practically of equal length. 

Roof Ventilator: A device placed on the roof of a building to permit 
egress of air. 

Saturated Air; Air containing as much water vapor as it can hold 
without any condensing out ; in saturated air, the partial pressure of the 
water vapor is equal to the vapor pressure of water at the existing tem- 
perature. 

Sensible Heat ; See Heat. 


Smoke: Carbon or soot particles less than 0.1 micron in size which 
result from the incomplete combustion of carbonaceous materials such as 
coal, oil, tar, and tobacco. 

Smokeless Arch; An inverted baffle placed in an up-draft furnace 
toward the rear to aid in mixing the gases of combustion and thereby to 
reduce the smoke produced. 

Specific Gravity: The ratio of the weight of a body to the weight of 
an equal volume of water at some standard temperature, usually 39.2 F, 

Specific Heat! The quantity of heat, expressed in Btu, required to 
raise the temperature of 1 lb of a substance 1 F . 

Specific Volume: The volume, expressed in cu ft, of one pound of 

a substance. . = A- = 
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Split System: A system in which the heating and ventilating are 
accomplished by means of radiators or convectors supplemented by 
mechanical circulation of air (heated or unheated) from a central point. 

Square Foot of Heating Surface (equivalent): Equivalent direct 
radiation (EDR). By definition, that amount of heating surface which 
will give off 240 Btu per hour. The equivalent square feet of heating 
surface may have no direct relation to the actual surface area. 

Stack Height: The height of a gravity convector between the bottom 
of the heating unit and the top of the outlet opening. 

Standard Air: As defined by A.S.H.V.E. codes, standard air is air 
weighing 0.07488 lb per cubic foot, which is air at 68 F dry-bulb and 
50 per cent relative humidity with a barometric pressure of 29.92 in. of 
mercury, (Most engineering tables and formulae involving the weight 
of air are based on air weighing 0.07495 lb per cubic foot, which is dry air 
at 70 F dry-bulb with a barometric pressure of 29.92 in. of mercury. The 
error involved in disregarding the difference between the above two 
weights is very slight and in most instances may be neglected.) 

Static Pressure: The compressive pressure existing in a fluid. It is 
a measure of the potential energy of the fluid. 

Steam : Steam is water vapor which exists in the vaporous condition 
because sufficient heat has been added to the water to supply the latent 
heat of evaporation and change the liquid into vapor. Steam in contact 
with the water from which it has been generated may be dry saturated 
steam or wet saturated steam. The latter contains more or less actual 
water in the form of mist. If steam is heated, and the pressure main- 
tained the same as when it was vaporized, its temperature will increase 
and it will become superheated. 

Steam Heating System : A heating system in which heat is trans- 
ferred from the boiler or other source of steam to the heating units by 
means of steam at, above, or below atmospheric pressure. 

Steam Trap : A device for allowing the passage of condensate and 
preventing the passage of steam, or for allowing the passage of air as 
well as condensate. 

Superheated Steam ; See Steam. 

Supply Mains (steam): The pipes through which the steam flows 
from the boiler or source of supply to the run-outs and risers leading to the 
heating units. 

Surface Conductance: The amount of heat (Btu) transmitted by 
radiation, conduction, and convection /rom a surface to the air or liquid 
surrounding it^ or vice versa, in one hour per square foot of the surface for 
a difference in temperature of 1 deg between the surface and the sur- 
rounding air or liquid. 

Synthetic Air Chart: A chart for evaluating the air conditions 
maintained in a room. 

Thermal Resistance: The reciprocal of conductance. 

Thermal Resistivity: The reciprocal of conductivity. # 

Thermodynamics; The science which treats of the mechanical 
actions or relations of heat. 
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Thermostat: An instrument which responds to changes in tempera- 
ture and which directly or indirectly controls the source of heat supply. 

Ton of Refrigeration: The extraction of 12,000 Btu per hour. 

Ton Day of Refrigeration: The heat removed by a ton of refriger- 
ation operating for one day; 288,000 Btu. 

Total Heat: A thermodynamic quantity, variously called heat con- 
tent, thermal potential, enthalpy. It is the heat required per unit mass 
(Btu per lb) to raise a given substance to a given point from an arbitrary 
datum point. It is the sum of the heat of the liquid, the latent heat, 
and any miscellaneous heat which may be present. 

Total Pressure: The sum of the static and velocity pressures in a 
fluid. It is a measure of the total energy of the fluid. 

Tube (or Tubular) Radiator: A cast-iron heating unit used as a 
radiator and having small vertical tubes. 

Two-Pipe System {steam or water): A heating system in which one 
pipe is used for the supply of the heating medium to the heating unit and 
another for the return of the heating medium to the source of heat 
supply. The essential feature of a two-pipe system is that each heating 
unit receives a direct supply of the heating medium which medium cannot 
have served a preceding heating unit. 

Underfeed Distribution System {hot water): A hot water heating 
system in which the main flow pipe is below the heating units. 

Underfeed Stoker: A stoker which feeds the coal underneath the fuel 
bed. 

Unit Air Conditioner: A piece of equipment designed to provide 
simutaneous control of at least four of the seven functions ’(page 201) 
involved in summer and winter air conditioning. The apparatus is com- 
pactly housed in a cabinet placed within or immediately adjacent to the 
rooms served. The parts comprising a unit air conditioner are assembled 
at the point of manufacture, and the performance of the assembly is the 
responsibility of the manufacturer. See Chapter 12. 

Unit Cooler: A cooling device, usually comprising an extended- 
surface element and a motor-driven fan mounted integrally in a housing, 
located within or adjacent to the room served. Generally no ducts are 
attached to inlet or outlet. The refrigerant is brought to the unit from 
an outside source, and the fan drives air over the cooling element. 

Unit Heater: A heating device, usually comprising an extended- 
surface element or a gas burner, mounted with a motor-driven fan in a 
housing, located within or adjacent to the room served. Generally, no 
ducts are attached to inlet or outlet. The fluid for heating is brought to 
the unit from an outside source, and the fan drives air over the heating 
element. Unit heaters are used primarily in industrial applications. 

Unit Ventilating-Heater: A ventilating and heating device com- 
prising a motor-driven fan, an extended-surface heating element and 
usually a filter, mounted in a housing, located within or adjacent to the 
room served. Outdoor air is obtained through a dampered direct con- 
nection or a short duct from a nearby wall or window opening. Provision 
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for partial recirculation is usually made. If a humidifier is included, such 
a filter-equipped device becomes a winter-type unit conditioner. Unit 
ventilators are used primarily for offices, schools, and places of public 
assembly. 

Up-Feed. System {steam): A steam heating system in which the 
supply mains are below the level of the heating units which they serve. 

Vacuum Heating System: A two-pipe steam heating system equip- 
ped with the necessary accessory apparatus which will permit operating 
the system below atmospheric pressure when desired. 

Vapor: Any substance in the gaseous state. 

Vapor Heating System: A steam heating system which operates 
under pressures at or near atmospheric and which returns the condensa- 
tion to the boiler or receiver by gravity. Vapor systems have thermo- 
static traps or other means of resistance on the return ends of the heating 
units for preventing steam from entering the return mains; they also have 
a pressure-equalizing and air-eliminating device at the end of the dry 
return. Direct Vent Vapor System: A vapor heating system with air 
valves which do not permit re-entry of air. 

Vapor Pressure: The equilibrium pressure exerted by a vapor in 
contact with its liquid. 

Velocity: The time rate of motion of a body in a fixed direction. In 

s 

the fps system it is expressed in units of one foot per second. V = y. 

Velocity Pressure: The pressure corresponding to the velocity of 
flow. It is a measure of the kinetic energy of the fluid. 

Ventilation: The process of supplying or removing air by natural or 
mechanical means, to or from any space. Such air may or may not have 
been conditioned. (See Air Conditioning.) 

Warm Air Heating System: A warm air heating plant consists of a 
heating unit (fuel-burning furnace) enclosed in a casing, from which the 
heated air is distributed to the various rooms of the building through 
ducts. If the motive head producing flow depends on the difference in 
weight between the heated air leaving the casing and the cooler air 
entering the bottom of the casing, it is termed a gravity system. A booster 
fan may, however, be used in conjunction with a gravity-designed 
system. If a fan is used to produce circulation and the system is designed 
especially for fan circulation, it is termed a fan furnace system or a 
central fan furnace system. A fan furnace system may include air washers 
and filters. 

Wet-Bulb Temperature: The lowest temperature which a water 
wetted body will attain when exposed to an air current. This is the 
temperature of adiabatic saturation. 

Wet Return: That part of a return main of a steam heating system 
which is filled with water of condensation. The wet return usually is 
below the level of the water line in the boiler, although not necessarily so. 
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ABBREVIATIONS^ 


Absolute. - 

Acceleration, due to gravity 

Acceleration, linear— 

Air horsepower 

Alternating-current (as adjective) 

Ampere 

Ampere-hour. 

Area.- 

Atmosphere.— 

Average..... 

Avoirdupois 

Barometer. 

Boiler pressure 

Boiling point 

Brake horsepower 

Brake horsepower-hour 

British thermal unit 

Calorie .• 

Centigram 

Centimeter 

Centimeter-gram-second (system) 

Change in specific volume during vaporization 

Cubic 

Cubic foot.... 

Cubic feet per minute 

Cubic feet per second 

Decibel 

Degree® 

Degree centigrade 

Degree Fahrenheit 

Degree Kelvin 

Degree Reaumur - 

Density, Weight per unit volume, Specific weight.... 

1 


abs 

g 

a 

....air hp 

a-c 

amp 

..amp-hr 

A 

atm 

avg 

avdp 

bar. 

bp 

bp 

bhp 

...bhp-hr 

Btu 

cal 

eg 

cm 

cgs 

z'fg 

cu 

cu ft 

cfm 

cfs 

db 

.deg or ® 


F 

K 

R 

A or p (rho) 


Diameter -D or diam 

Direct-current (as adjective)..— d-c 

Distance, linear 

Dry saturated vapor, Dry saturated gas at saturation pressure and temperature, 

Vapor in contact with liquid Subscript g 

Entropy (The capital should be used for any weight, and the small letter for unit 

weight.) ‘S' or ^ 

Feet per minute 

Feet per second fps 

Foot - y-ft 

Foot-pound ff^db 

Foot-pound-second (system) fps 

Force, total load 

Freezing point fp 

Gallon aral 

Gallons per minute gpi^ 

Gallons per second - Sps 

Gram ^ 

Gram-calorie ^ g-cal 


*From compilations of abbreviations approved by the American Standards Association, Z, 10 a, c, f, and 
i. As a general rule the period is omitted in all abbreviations except where the omission results m the 
formation of an English word. 

•It is recommended that the abbreviation for the temperature scale, F, C, K. be included in expressions 
for numerical temperatures but, wherever feasible, the abbreviation for degree be omitted; as 68 F. 
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Head H or h 

Heat content, Total heat, Enthalpy. (The capital should be used for any weight 

and the small letter for unit weight.) H or h 

Heat content of saturated liquid, Total heat of saturated liquid, Enthalpy of 

saturated liquid, sometimes called heat of the liquid h 

Heat content of dry saturated vapor, Total heat of dry saturated vapor. Enthalpy 

of dry saturated vapor /zg 

Heat of vaporization at constant pressure L or /^fg 

Horsepower hp 

Horsepower-hour.„ hp-hr 

Inch ^.in. 

Inch-pound in-lb 

Indicated horsepower. .< .ihp 

Indicated horsepower-hour...., ihp-hr 

Internal energy, Intrinsic energy. (The capital should be used for any weight and 

the small letter for unit weight.) U or u 

Kilogram kg 

Kilowatt kw 

Kilowatthour kwhr 

Length of path of heat flow, thickness L 

Load, total W 

Mass m 

Mechanical efificiency em 

Mechanical equivalent of heat J 

Melting point mp 

Meter m 

Micron p. (mu) 

Miles per hour mph 

Minute min 

Molecular weight mol. wt 

Mol mol 

Ounce .02 

Power, Horsepower, Work per unit time P 


Quantity (total) of fluid, water, gas, heat; Quantity by volume; Total quantity 

of heat transferred Q 

Quality of steam, Pounds of dry steam per pound of mixture x 

Revolutions per minute rpm 

Saturated liquid at saturation pressure and temperature, Liquid in contact 

with vapor Subscript f 

Specific gravity .—sp gr 

Specific heat sp ht or c 

Specific heat at constant pressure Cp 

Specific heat at constant volume Cy 

Specific volume, Volume per unit weight, Volume per unit mass v 

Square foot sq ft 

Square inch sq in. 

remperature (ordinary) F or C. {Theta is used preferably only when t is used for 

Time in the same discussion.) t or 6 (theta) 

Temperature (absolute) F abs or K. (Capital theta is used preferably only when 

small theta is used for ordinary temperature.) T or B (capital theta) 

Thermal conductance^ (heat transferred per unit time per degree) C 

c « « g 

P Li tl t% 

Thermal conductance per unit area, Unit conductance (heat transferred per 

unit time per unit area per degree) Ca 


A ^ RA^ A(ti -h) “ L 


-‘Terms endins mty designate properties independent of aize or shape, sometimes called proper^ 

its. Examples are— conductivity and resistivity. Terms ending anct designate quantities depending 
lot only on the material, but also upon size and shape, sometimes called totai guaniities, Emmples are — 
jonductance and transmittance. Terms ending ion designate rate of heat transfer, tomples are — con- 
luction and transmission. 
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Thermal conductivity (heat transferred per unit time per unit area, and per 

degree per unit length) k 


9 . 



L 


Surface coefficient of heat transfer, Film coefficient of heat transfer, Individual 
coefficient of heat transfer (heat transferred per unit time per unit area 
per degree) ./ 



(In general / is not equal to k/L^ where L is the actual thickness of the fluid film.) 

Over-all coefficient of heat transfer, Thermal transmittance per unit area (heat 

transferred per unit time per unit area per degree over-all) U 


9 



Thermal transmission (heat transferred per unit time) q 



Thermal resistance (degrees per unit of heat transferred per unit time) R 



Thermal resistivity 1/k 

Vaporization values at constant pressure, Differences between values for saturated 


Velocity, V 

Volume (total) .• V 

Volume per unit time, Rate at which quantity of material passes through a 

machine, Quantity of heat per unit time, Quantity of heat per unit weight q 

Watt w 

Watthour...^ whr 

Weight of a major item, Total weight W 

Weight rate, Weight per unit of power, Weight per unit of time w 

Work (total) W 


CONVERSION EQUATIONS 

Fahrenheit degrees 9/5 centigrade degrees 4- 32. 

Centigrade degrees =* 5/9 (Fahrenheit degrees — 32). 

Absolute temperature, expressed in Fahrenheit degrees *=» Fahrenheit degrees + 
469.6, In heating and ventilating work, 460 is usually used. 

Absolute temperature, expressed in centigrade degrees » centigrade degrees -|- 
273.1. 

Power, Heat, and Work 

1 = /12,000 BtU pCt hOUr 

1 ton refrigeration ^200 Btu per minute 

Latent heat of ice » 143.33 Btu per pound 
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1 Btu 

1 watthour 

1 mean calorie 
1 kilowatt (1000 watts) 

1 horsepower 
1 boiler horsepower 

Weight and Volume 

1 gal (U. S.) 

1 British or Imperial gallon 
1 cu ft 

1 cu ft water at 60 F 
1 cu ft water at 212 F 
1 gal water at 60 F 
1 gal water at 212 F 

1 lb (avdp) 

1 bushel 
1 short ton 
1 long ton 

Pressure 

1 lb per square inch 
1 oz per square inch 

1 atmosphere 

1 in. water at 62 F 
1 ft water at 62 F 

1 in. mercury at 62 F 


f 777.5 ft-lb 
= j 0.293 watthours 
[ 252.02 mean calories 
f 2,655.2 ft-lb 
_ J 3.415 Btu 
I 3600 joules 
( 860.648 mean calories 
r 0.003968 Btu 
- \ 3.085 ft-lb 

[ 0.0011619 watthours 
( 1.3405 horsepower 
= \ 56.92 Btu per minute 
[ 44,252.7 ft-lb per minute 
f 0.746 kilowatt 
_ J 42.44 Btu per minute 
I 33,000 ft-lb per minute 
[ 550 ft-lb per second 
= 33,471.9 Btu per hour 


_ / 231 cu in. 

“ 1 0.13368 cu ft 

- 277.274 cu in. 
_ / 7.4805 gal 
” \ 1728 cu in. 

« 62.37 lb 

- 59.76 lb 
= 8.34 lb 
= 7.99 lb 
_ / 16 oz 

\ 7000 grains 
= 1.244 cu ft 
« 2000 lb 
= 2240 lb 


1 144 lb per square foot 
2.0416 in. mercury at 62 F 
2.309 ft water at 62 F 
27.71 in. water at 62 F 
^ / 0.1276 in. mercury at 62 F 
\ 1.732 in. water at 62 F 
' 14.7 lb per square inch 
2116.3 lb per square foot 
« j 33.974 ft water at 62 F 
30 in. mercury at 62 F 
^ 29.921 in. mercury at 32 F 
' 0.03609 lb per square inch 
« 0.6774 02 per square inch 

^ 5.196 lb per square foot 
_ f 0.433 lb per square inch 
\ 62,356 lb per square foot 

1 0.491 lb per square inch 
7.86 02 per square inch 
1.131 ft water at 62 F 
13.57 in. water at 62 F 
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Metric Units 


1 cm 
1 in. 

1 m 
1 ft 

1 sq cm 
1 sq in. 

1 sq m 
1 sq ft 
X cu cm 
1 cu in. 

1 cu m 
1 cu ft 
1 liter 
1 kg 

1 lb 

1 metric ton 
1 gram 

1 kilometer per hour 
■ 1 gram per square centimeter 
1 kg per square centimeter (metric atmosphere) 
1 gram per cubic centimeter 
1 dyne 
1 joule 

1 metric horsepower 
1 kilogram-calorie (large calorie) 


= 0.3937 in, 

= 2.54 cm 
= 3.281 ft 
= 0.3048 m 
= 0.155 sq in. 

= 6.45 sq cm 
= 10.765 sq ft 
= 0.0929 sq m 
= 0.061 cu in. 

= 16.39 cu cm 
= 35.32 cu ft 
= 0.0283 cu m 
= 1000 cu cm = 0.264 gal 

- 2.2046 lb 

- 0.4536 kg 

= 2205 lb (avdp) 

= 980.59 dynes - 0.002205 lb 
= 0.6214 mph 

_ / 0.0290 in. mercury, at 0 deg C 
\ 0.394 in. water, at 15 C 
= 14.22 lb per square inch 
/ 0.03614 lb per cubic inch 
\ 62.43 lb per cubic foot 
= 0.00007233 poundals 
__ / 10,000,000 ergs 
” \ 0.73767 ft-lb 
_ / 75 kg-m per second 
~ \ 0.986 hp (U. S.) 

f 1000 gram-calories (small 
= ^ calorie) 
i 3.97 Btu 


1 kilogram-calorie per kilogram = 1.8 Btu per pound 

1 gram-calorie per square centimeter =» 3.687 Btu per square foot 

^ centimeter per centi-„ 

1 gram-calorie per second per square centimeter [2903 Btu per hour per square foot 
for a temperature graduation of 1 deg C per | for a temperature graduation of 
centimeter [ 1 deg F per inch of thickness. 


SYMBOLS FOR HEATING AND VENTILATING DRAWINGS® 

1. The objects of this standard set of symbols are to insure the correct interpretation 
of drawings and to conserve drafting room time by establishing simple and unmistakable 
symbols for the component parts of the heating and ventilating systems. In preparing 
the list of symbols an effort has been made to follow existing practice in so far as possible 
but the list cannot be expected to match exactly the existing practice of every drafting 
room. 

2. Simplicity, ease of execution and unmistakable identification were carefully con- 
sidered in selecting the symbols. Uncommon fittings and appliances such as vacuum 
pumps, separators, etc., have purposely been omitted in order to produce a list which 
can be easily remembered. It is assumed that when the scale of the drawing permits, 
the valves and fittings will be drawn to scale and a conventional representation is then 
unnecessary. 


‘From A.S.H.V.E. Code of Minimum Requirements for the Heating and Ventilation of Buildings, 
edition of 1929. 

701 



American Society of Heating and Ventilating Engineers Guide, 1935 


3. High pressure steam supply pipe 

4. Low pressure steam supply pipe 

5. Hot water pipe — flow 

6. Return pipe — steam or water 

7. Air vent line 

8. Flanges 

9. Screwed union 

10. Elbow 

11. Elbow — looking up 

12. Elbow — looking down 

13. Tee 

14. Tee — looking up 

15. Tee — looking down 

16. Gate valve 

17. Globe valve 

18. Angle valve 

19. Angle valve — stem perpendicular 

20. Lock shield valve 

21. Check valve 

22. Reducing valve 

23. Diaphragm valve 




-f- 

u 


GH — 

Qi — 


*H©h“ 


Hen- 


ni*- 


1 ,£. 

"If I 

— 

— 

s s 
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24. Diaphragm valve — stem perpendicular 

25. Thermostat 

26. Radiator trap — elevation 

27. Radiator trap — plan 

28. Expansion joint 

29. Column radiator — plan 

30. Column radiator — elevation 

31. Wall radiator — plan 

32. Wall radiator — elevation 

33. Pipe coil — plan 

34. Pipe coil — elevation 

36. Indirect radiator — plan 

36. Indirect radiator — elevation 

37. Supply duct — section 

38. Exhaust duct — section 

39. Butterfly damper — plan (or elevation) 

40. Butterfly damper — elevation (or plan) 

41. Deflecting damper— square pipe 

42. Vanes 

43. Air supply outlet 

44. Exhaust outlet 


o- 

® 

c r m 

t=i n 


□ 0 
t:! i 


O 0 
0 


~7. 



f 


I 
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A.S.H.V.E. CODES 

The following codes and standards relating to the design, installation, 
testing, rating, and maintenance of materials and equipment used for the 
heating and ventilation of buildings, have been adopted by the American 
Society of Heating and Ventilating Engineers: 


Subject 

Title 

When Adopted 

Reference 

Air 

Cleaning 

Devices 

A.S.H.V.E. Standard Code for 
Testing and Rating Air Clean- 
ing Devices Used in General 
Ventilation Work 

June. 1934 

A.S.H.V.E. Reprint 

Air purity 

Synthetic Air Chart 

June, 1917 

A.S.H.V.E. 

Transactions, 

Vol. 23, p. 607, and 
The Guide, 1931 

Boilers 

(testing) 

Standard and Short-Form Heat 
Balance Codes for Testing Low 
Pressure Steam Heating Solid 
Fuel Boilers (Codes 1 and 2) 

June, 1929 

A.S.H.V.E. 

Transactions, 

Vol. 35, 1929 

Boilers 

(testing) 

A.S.H.V.E. Performance Test 
Code for Steam Heating Solid 
Fuel Boilers (Code 3)^ 

June, 1929 

A.S.H.V.E. 

Transactions, 

Vol. 35, 1929 

Boilers — 

Oil Fuel 
(testing) 

A.S.H.V.E. Standard Code for 
Testing Steam Heating Boilers 
Burning Oil Fuel 

June, 1932 

A.S.H.V.E. 

Transactions, 

Vol. 37, 1931 

Boilers 

(rating) 

A.S.H.V.E. Standard Code for 
Rating Steam Heating Solid 
Fuel Hand Fired Boilers 

January, 1929 
Revised 
April, 1930 

A.S.H.V.E. 

Transactions, 

Vol. 36, 1930, p. 42 

[ Concealed 
^ Gravity 
„ Type 
Radiation 

A.S.H.V.E. Standard Code for 
Testing and Rating Concealed 
Gravity Type Radiation (Hot 
Water Section) 

June, 1934 

A.S.H.V.E. Reprint 

Convectors 

A.S.H.V.E. Standard Code for 
Testing and Rating Concealed 
Gravity Type Radiation 
(Steam Code) 

January, 1931 

A.S.H.V.E. 

Transactions, 

Vol. 37, 1931, p. 367 

Ethics 

Code of Ethics for Engineers 

January, 1922 

A.S.H.V.E. 

Transactions, 

; Vol. 28, 1922^ p. 6 
(See frontispiece 

The Guide, 1935) 

Fans 

Standard Test Code for Disc 
and Propeller Fans, Centrifugal 
Fans and Blowers 

May, 1923. 

Revised 

June, 1931 

A.S.H.V.E. 

Transactions, 

Vol 29, 1923, 
p. 407h 

Garages 

Code for Heating and Ven- 
tilating Garages 

June, 1929 

A.S.H.V.E. Trans- 
actions, Vol, 35, 
i 1929, p. 355 


^Originally adopted by the National Boilm ' an 4 Radiator Manufaciunrs Association , 
liAlao, see Heating , Piping and Air Conditioning , August, 19S1, p, 743. 


704 


Chapter 41 — Terminology 


Subject 

Title 

When Adopted 

Reference 

Heat 

transmission 
through walls 

Standard Test Code for Heat 
Transmission through Walls 

January, 1927 

A.S.H.V.E. 

Transactions, 

Vol. 34, 1928, p. 253. 

Minimum 

requirements 

Code of Minimum Require- 
ments for Heating and Ventila- 
tion of Buildings, Edition-1929 

June, 1925 

A.S.H.V.E. 

Codes 

Pitot tube 

Code for Use of Pitot Tube 

January, 1914 

A.S.H.V.E. 

Transactions, 

Vol. 20, 1914, p. 211 

Radiators 

Code for Testing Radiators 

January, 1927 

A.S.H.V.E. 

Transactions, 

Vol. 33, 1927, p. 18- 

Unit heaters 

Standard Code for Testing and 
Rating Steam Unit Heaters^ 

January, 1930 

A.S.H.V.E. 

Transactions, 

Vol. 36, 1930, p. 165^ 

Unit 

Ventilators 

A.S.H.V.E. Standard Code for 
Testing and Rating Steam 
Unit Ventilators 

June, 1932 

A.S.H.V.E. 
t Transactions, 

Vol. 38, 1932, p, 25 

Vacuum 

Heating 

Pumps 

A.S.H.V.E. Standard Code for 
Testing and Rating Return 
Line Low Vacuum Heating 
Pumps 

June, 1934 

A.S.H.V.E. Journal; 
Heating, Piping and 
Air Conditioning, 
March, 1934, p. 136 

Ventilation 

Report of Committee on 
Ventilation Standards 

August, 1932 

A.S.H.V.E. 

Transactions, 

Vol. 38, 1932, p. 383- 


The following Codes and Standards have been endorsed or approved 
by the American Society of Heating and Ventilating Engineers: 


Subject 

Title 

Sponsored by 

Reference 

Chimneys 

Standard Ordinance for Chim- 
ney Construction 

National Board of 
Fire Underwriters^ 

Chapter 14, 

The Guide, 1931 

Piping 

systems 

Identification 
of Piping Systems^ 

A merican Society 
of Mechanical 
Engineers 

Heating, Piping and 
Air Conditioning, 
July, 1929 

Warm air 
furnaces 

Standard Code Regulating the | 
Installation of Gravity Warm 
Air Furnaces in Residences 

National Warm 
Air Heatmg As- 
sociation 

National Warm Air 
Heating A ssociation , 
Columbus, Ohio 


oAdopted jointly by the Industrial Unit Beatsr Association, and the A,S.H.V.E. 

^Adopted November, 1928, Sponsored by (1) American Society of Mechanical Engineers, (2) National' 
Safety Council. 
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TECHNICAI. DATA SECTION 

(Pages 1 to 705) 


Cross Refereuce to Subjects in 
Chapters 1 to 41 Alphabetically 
lasted 


A 

Page 

Abbreviations, 

697 

Absolute humidity, 

7 

Absorption, 

(see also Regain) 

as means of dehumidification, 

166 

of solar radiation by glass, 

151 

of sound, 

303 

Acceleration, 

685 

Acclimatization, 

38 

Acoustics, acoustical, 

299 

effect of humidity on, 

312 

treatment, 

304 

Adiabatic saturation. 

14, 166. 184,686 

Adsorption, 

685 

as means of dehumidification, 

166 

Air, 


adiabatic saturation of, 

14 

amount per person, 

62 

atmospheric. 

1 

changes of, indoors, 

33, 126 

cleaning devices, 

271, 686 

A,S.H.V.E. code for, 

272 

ratings of. 

272 

reauirements of, 

271 

types of, 

273 

composition of, 

1,33 

density of, 

6 

distribution of, 

817 

A.S,H,V.E. staiidarda, 

49 

for comfort, 

61. 

downward, 

321 

natural ventilation, 

83 

in theaters, 

321 

with unit ventilators, 

229 

upward, 

821 

dry, 

1,4,8,46 

ducts. 326 (see Ducts, Air) 

exfiltration. 

119, 863, 470 

filtration, 119, 128, 368, 479. 686 

flow, 

49, 61 

control, principles of, 

83 

as cooling method, 

166, 387 

diagrams, 

826 

formulae, 

326 

into a hood, 

360 

natural, measurement of, 

86 

requirements, 

84 

tables, 

326 

through openings. 

78, 88 


Air (continued), 

Page 

friction of, in pipes, 

327 

impurities in, 

84, 259 

size of, 

271 

ionization of. 

56 

leakage, 

119,126 

mixtures with water vapor, 

10 

moist, 

45 

motion, 

61 

odors in. 

33 

optimum conditions. 

42 

indoors in summer, 
outside, introduced, 

48 

effect on temperature, 

54 

fan systems, 

364, 367 

through cracks, 

126 

unit air conditioners. 

212 

unit ventilators, 

228 

pollution. 

269 

abatement of, 

263 

effect on health. 

260 

primary, 

445 

properties of. 

2, 4, 49 

quality, 

quantity necessary, 

61 

for combustion, 

446, 464 

for ventilation, 

62, 500 

recirculation of, 

66 

fan systems, 

360. 367 

unit ventilators, 

229 

saturated, 

1,6,9, 693 

secondary, 

446, 473 

space conductances, 

94 

standard, 

694 

still, 

41 

velocity, 

(see Velocity, Air) 

vitiation, 

S3 

volume. 

10 

washer, 183, 686 (see also Washer, Air) 

cooling towers for* 
humidifying efficiency, 
operation of, 

187 

369 

262 

saturation efficiency, 

184 

weight of, 

6 

Abe* conditioning, 33, 49, 72, 686 (see also Air) 

air change per occupant, 

63 

A.S.H.V.E. standards, 

49 

chemical factors, 

33.49 

comfort chart, 

44,46 

functions of, 

201 

fundamentals of, 

1 
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Air conditioning {continued). 

Page 

industrial, 

65 

apparatus for, 

72 

automatic control, 

250 

exhaust systems, 

345 

of libraries, 

70 

plants, 

195, 262 

process conditioning, 

65. 167 

of railroad cars, 

201 

temperature differential in. 

159 

unit air conditioners, 

200 

objective of, 

1,48, 58 

physical factors, 

33,49 

recirculation of air. 55, 246, 366, 382, 472 

standards. 

33,49 

Algae formations, 

191 

Alumina system of adsorption. 

169 

Aluminum foil. 

113 

Ammonia, 

188, 597 

Anemometer, 

678, 686 

Anthracite, 443, 447 {see also Coal) 

Apartment houses, 


hot water supply to. 

617 

stokers suitable for, 

459 

Aquastat, 

469 

Area of: 


chimneys, 

430, 440 

fittings. 

587 

grates, 371, 383, 396, 414, 690 

human body surface, 

52 

leader pipes. 

391 

pipe. 

621 

registers, 

393 

stacks, 

393 

wall surfaces, 

92 

A.S.H.V.E. Codes and Standards, 


48, 88, 272. 284, 498, 704 

A.S.M.E. boiler construction code, 

417 

Asbestos, 

026 

Ash, 


cared for by stokers, 

467 

fly. 

260 

Atmosphere, standard, 

70 

Atmospheric steam heating system, 

511,639.647 

Atmospheric water cooling apparatus, 

186 

design of, 

188 

efficiency of. 

189, 190, 194 

Atomization, 


for humidifying, 

73 

of oil, 

463 

Audiometer, 

301 

Automatic control, 239 {see also Control) 

Automatic fuel burning equipment, 

457 

Awnings, 

380 

B 

Babcock's formula for steam flow» 

527 

Baffles, 

377, 686 

Bananas, ripening of, 

71 

Barn ventilation, 

87 

Barometer, 


aneroid, 

676 

mercurial, 

676 

Baudelot, 


chamber, 

186 

heat absorber, 

177 

Bends, expansion. 

642, 583 

BET, British equivalent temiierature, 

669 

Blast, 

686 

Blower, blowers, (see also Fans) 

standard test code for, 

284 

Blow-through heating units, 

361 

Body, human, surface area, 

62 

Boiler, boilers, 

405, 686 

A,S.H.V,E, test codes, 

410, 704 

A.S.M.E. construction code, 

416 

bafflles, 

377, 686 

capacity, 

406 

care during summer, 

419 

cleaning, 

418 

conneeflons, 

416. 548 

conversion, 

416. 470 

design of, 

408 

domestic oil burners, 

466.470 


Boiler, boilers {continued). 

Page 

draft loss through, 

435 

efficiency of. 

409. 411,480 

for electric steam heating, 

670 

fittings, 

416 

gas- fired, 

407, 415, 471 

heat transfer rates. 

' 400 

heating surface, 

409, 474. 686 

horsepower, 

686 

installation, 

41.5,417 

insulation, 

420 

low pressure, construction code, 

416 

oil burners, 

466, 470 

operation. 

41S 

output. 

410 

performance curves, 

413 

ratings of, 

410, 475 

runouts, sizes, 

545 

scale in. 

419 

selection of, 

414 

settings, 

408 

troubles with. 

418 

types of. 

405, 670 

warming-up allowance, 

412,414 

water line. 

416 

Booster. 

coils. 

361 

fans. 

1.56, 402 

Bourdon tube, 

675 

Boyle's law, 

5 

Brake horsepower, 

fan, 

187 

heat equivalent of, 

138 

Branch connections, 

605 

Breeching, draft loss through. 

435 

Brine, 

177, 236 

British equivalent temperature, 

659 

British thermal unit, 

086 

Building, buildings, 

air velocities in, 

331 

classification for district heating, 

651 

construction, heat transmission of, 

93,97 

district heating, 

644 

fuel requirements of 

470, 482 

heat capacity of, 

481 

hot water supply to, 

611,016 

intermittently cooled, 

149 

intermittently heated, 139, 386, 481, 072 

materials, heat transmission oi, 

94 

noise in, 

301 

saving of steam in, 

646 

tall, infiltration in, 

126 

water supply to, 

599 

Burner, burners. 

automatic equipment, 

457 

coal. 

467 

conversion, 

473, 476 

gns, 

471 

oil, 

469 

By-pass method. 

156. 686 

C 

Cabinets, {see Enclosures) 

Calorie. 

686 

Calorific values, 

coal, 

444 

gas, 

453 

oil. 

461 

Carbon dioxide, 

188 

concentration in air, 

61 

as corrosion agent, 

695 

as an index of: 

combustion, 

445 

draft loss, 

485 

odors, 

33 

measurement of, 

681 

Carbon monoxide, 

in air, 

260 

in garages, 

88 

produced by oil burners, 

261 

464 

Cattle, heat and moisture produced by, 87 
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Page 


Ceilings, heat transmission, 
Central air conditioning systems, 
automatic control of, 
design of, 

location of apparatus, 
ratings of, 
spray type, 

Central fan heating systems, 
computations for, 
design of, 
electrical, 

heating requirements of, 
Charles’ law. 


107 
155, 197 
244, 252 

157 

158 
162 
156 


359, 686 
366 
363 
669 
362 


7 


Chart, 

of air densities, 
comfort, 

effective temperature, 
psychrometric, 

Ringelmann, of smoke densities, 
thermometric, 

Chimney, chimneys, 
areas of, 
characteristics, 
construction of, 
effect, 

efficiency of, 
performance, 
sizes, 

Venturi, 

Cinder, cinders, 
catching devices, 
disposal of, 

Circular equivalents of rectangular ducts. 
Circulator, , „ , , v 

C lassroo ms , \3ee S chools) 

Cleaners, air (.see A ir, Cleaning Devices) 

Clearance, window sash, 122 


6 

44, 51 
40 

19, insert 
682 
40 
423 
430, 440 

425 
438 

78, 81, 119, 126,517, 686 
426, 480 
429 
430, 440 

426 
260 
266 
267 
333 
472 


Goal, (see also Anthracite; Coke; Lignite) 


analysis of, 
bituminous, 
calorific value, 
classification of, 
dust, disposal of, 
dustlcss, 
pulverized, 
semi-bituminous, 
size of, 


443 

448 

444 
443 
267 
450 
450 

449 
446 


Coal burning systems, 
automatic control of, 
automatic firing equipment, 
boilers, 

combustion rate, 
draft required for, 
estimates of heating costs, 
fuel requirements, calculation, 
furnace requirements, 
hand- fired, 
stokers. 


247 
457 
405 
376 
434 
488 
479,485 
370. 383 
450 
457 


Codes, . 

A.S.H.V.E. codes and standards, 704 

for grinding, polishing, and buffing wheels, 348 
for proportioning warm air heating plants, 471 
for use of refrigerants, 157 

Coefficients of heat transmission, « , 

Beat Transmission, Coemf^ienis) 


Colls, 
booster, 
cooling, 
evaporator, 
heating, 
hot water, 
pipe, 
radiator, 
steam, 

Coke, 

combustion of, 

Cold, effects on human body. 
Collectors, dust, 

Combined system, 
air conditioning equipment, 
automatic controLof, 
central fan, 


361 
211, 879 
211 
213, 361 
204 
549 
491 
204 
444 
450 
36 
854 

229, 318 
246 
359 


Page 


Combustion, 443 

air required for, 445, 454 

of different coals, 447 

of gas. 453 

of oil, 467, 470 

smokeless, 409 

with various stokers, 457 

Comfort, 38 

chart, 44, .46, 51 

effective temperature, 39 

heating for, 657 

level. 495 

line. 43, 46, 48, 687 

for men working, 46 

optimum air conditions for, 42, 46 

school children, 46 

zone, 43 (see also Zone, Comfort) 

Compliance, of sound insulating materials, 310 
Compressed air, 73 

Compressors, 211 

reversed refrigeration, 671 

types of, 175 


Condensation, 


on building surfaces, 

139 

meters, 

649 

prevention of. 

141, 632 

rate in radiators, 

495 

return pumps. 

618 

in steam heating systems, 

603, 527 

in winter, 

46 

Condenser, 

202 

design data, 

178, 188, 211 

turbine, 

186, 190 

water temperatures. 

189 

Conditioning and drying. 

67 (see also Air 

Conductance, 

Conditioning) 
92, 113. 687 

of air spaces, 

94 

of building materials. 

95 

of insulation, 

95, 624 

surface, 

694 

Conduction, 

491, 687 

Conductivity, 

92, 113, 687 

Conduit, 

641 

Connections, 

for boilers. 

416, 543, 545 

branch. 

505 

for central fan systems, 

549 

for cliiraneys, 

440 

for convectors, 

649 

for divStrict heating systems, 

644 

for drains, 

416 

Hartford return, 

543 

for hot water systems, 

576 

for indirect heating units, 

651 

for pipe coils, 

649 

for radiators. 

647, 572 

Construction code for low pressure boilers, 416 


Control, controls, 

accessory automatic apparatus, 242 

of air conditioning equipment, 239, 260 

combined system, 246 

split system, 244 

automatic. 213. 239, 243, 260 

connecting apparatus, 242 

of cooling units, 260 

of electrical heating, ' 672 

of fan motors, 295 

manual, 81, 213 

of mechanical warm air systems, 3S8 

of natural ventilation, 81 

of oil burning equipment, 465 

of sound, ^9 

of steam heating systems, 517 

of temperature, 243, 465, 672 

of Unit conditioners, 213 

of vacuum pumps, 520 

Convection, 59, ,472, 657 , 668, 687 

Cottvectora, 491, 496, 687 

connections for, 549 

design of, 497 

grawy, 491 

heat emission by» 491. 498 
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Convectors {continued), 

Page 

heating capacity, 

498 

performance characteristics, 

497 

Conversion equations, 

699 

Coolers, 

surface, 

162 

types of, 

177 

unit, 

234, 695 

Cooling, 

14, 19 

with central fan heating systems, 

379 

effective temperatures for, 

50 

equipment, design of, 

188 

evaporative, 72, 155, 165, 184 

of fluids, 

189 

of human body. 

• 35 

load, 

145,214 

with mechanical warm air systems, 

387 

methods, 

155, 165. 202 

ponds, 

190 

relative humidities for, 

50 

towers. 174, 

, 179, 187, 190 

water, 

188 

Copper pipe, 

580 

Corrosion, 

of boilers, 

419 

of industrial exhaust systems, 

356 

inhibitors, 

597 

of pipe, 

595 

tester, 

596 

Costs, 

comparative, of fuels, 

488 

of district heating service, 

652 

of electrical heating, 

673 

of unit conditioners, 

215 

Crack, window, 

122 

Cyclone dust collector, 

364 

D 

Dalton, law of partial pressures. 

1 

Damper, dampers, 

apparatus which operates, 

242, 244, 246 

control, 

80 

in duct systems. 

381 

types of, 

381 

with unit ventilators. 

228 

Decibel, 

299, 687 

Definitions, 

685 

Degree-day, 

687 

industrial. 

485 

method of estimating fuel consumption, 483 

records for cities, 

484 

Dehumidification, 

14. 183 

effective temperatures for, 

60 

methods of, 

155, 106,202 

relative humidities for, 

60 

Dehumidifier, dehumidifiers, 

166, 088 

alumina. 

169 

in central air conditioning systems, 

166 

in industrial air conditioning, 

72 

silica gel, 

108 

types of, 

74 

Density, 

2. 688 

of air, 

of saturated vapor, 

6 

10 

specific, 

3 

of water, 

20 

Design temperature, 

dry-bulb, 

147 

wet-bulb, 

147, 189 


Dew point, 688 

relation to relative humidity, 9 


temperature, 2, 261 

Diameter, circular equivalenta of rectangular 
ducte. 884 

Dichlorodifluoromethane, 176, 188 

Diesel engine, 190 

Dirt pockets, 656 

Disc fans, test code for, 284 

Distribution of air, 817 (seff also Air, Distribution) 
District heating. 639 

Diverter, back draft, 489 


Page 

Domestic supply, 

hot water, 468, 617, 671 

water, 599 

Doors, 

air leakage through, 122 

coefficients of transmission of, 113 

natural ventilation through, 80 

Down-feed piping systems, 506, 608, 510, 513 

Downward system of air distribution, 321 

Draft, 423 

available, 425, 432 

back, diverter, 439 

calculations, 423 

capacity, 425 

gage, 676 

head, 688 

intensity required, 434, 447 

losses, 432 

in chimneys, 436 

through fuel bed, 433 

mechanical, 425 

natural, 423 

theoretical, 426 

towers, 192 

Drain connections, 416 

Draw-through heating units, * 361 

Drawings, symbols for, 701 

Dripping of steam pipes, 555 

Dry-bulb temperature, {see Temperature, Dry-bulb) 

Dry return. 688 

Drying, 67 (see also Regain) 

of lumber, 71 

Duct, ducts, 


air, 

design of, 

equal friction method, 
velocity method, 
for air distribution, 
air velocities in, 
circular equivalents, 
construction details, 
design of duct systems, 
humidity measurement in, 
noise transmission through, 

f uessure loss in, 
or recirculated air, 
sheet metal for, 
sizes of, 

temperature loss in, 
temperature measurement in, 
velocity measurement in, 
Dust, 

catching devices, 
collectors, 

concentration in air, 
counter, 
disposal of, 

industrial exhaust systems, 
measurement of. 


325 
325, 330 
331,333 
331 
317 
353 
333 
342 

330, 340, 380, 393 
081 
311 
320 
393 
352 

329, 33.3, 347 
366, 391 

677 

678 

49,269,688 
266 
854 
271, 681 
681 
267 
345 
681 


Dynamic equilibrium, Carrier's equation for, 2 


E 


EDR, equivalent direct radiation, 694 

Effective temperature, Temperatun, Effectivs) 
Elbow, elbows, 

design of, 380, 690 

equivalents, 583 

loss of pressure in, 326 

resistance in, 364 


sheet metal used in, 
welding of, 

Electric, electrical, 
central fan heating systems, 
current, as corrosion agent, 
heat equivalents, 
heaters, capacity of, 
heating, 
auxiliary, 


362 

691 


089 
696 
873, 700 
073 


607 


072 


of hot water, 


071 


heating elements, 205» 607, 009 

with unit heaters, 220 

lamp bulbs, heat from, 139 
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Eliminator plates and baffles, 

Page 
183, 187 

Emissivity, 

660 

Enclosures, 

concealed heaters, 

497 

convectors. 

497 

effect of, 

495 

unit air conditioners. 

210 

Engines, 

Diesel, 

190 

internal combustion, 

189 

Enthalpy, 

18, 689 

Entropy, 

23, 689 

Equations, conversion, 

699 

Equilibrium, 

dynamic. 

2 

hygroscopic, 

70 

Equipment room, design of. 

307 

Equivalent, equivalents. 

circular, 

333 

direct radiation, 

138, 559, 694 

elbow, 

563 

evaporation, 

411, 689 

heat, 

699 

of air infiltration, 

128 

of brake horsepower. 

138 

electrical. 

673, 700 

mechanical, 

692 

length of run, 

351 

square feet, 

492 

Ethylene gas, in ripening bananas 

. 71 

Eupatheoscope, 

663, 672, 683 

Evaporation, 

26. 28, 72, 193 

equivalent, 

411,689 

from human body, 

35. 59 

rate of. 

26 

from water pans, 

496 

Evaporative cooling, 

72, .155, 165, 184 

Evaporators, 

211 

Exfiltration, 

119, 363,479 

Exhaust systems, 

345 

industrial, 

346. 351 

Expansion, 

of joints, 

542, 641 

of pipe, 

542,681.641 

in steam piping, 

641 

tanks, 

574 

Exposure factors, 

135 

F 

Fan, fans, 

281 

as accessory apparatus, 

198, 669 

A.S.H.V.E. test code for, 

284 

attic, 

233, 380 

booster, equipment, 

150, 402 

brake horsepower, 

187 

control of, 

291 

for cooling, 

380 

designation of, 

291 

drives, arrangement of, 

292 

dynamic cffldency of, 

283 

emciency of. 

283 

In electrical heaters, 

669, 672 

furnaces, 

376, 387 

for gasH fired furnaces, 

for industrial exhaust systems, 

472 

356 

mechanical draft, 

425 

mechanical efficiency of, 

233 

motive power of, 

293, 296 

control of, 

296 

mountings, 

296 

operating characteristics, 

284 

operating velocities, 

289, 290 

performance of, 

281,289 

quietness of, 

226 

ratings of, 

288 

selecQon of, 

287, 200,293 

static efficiency of, 

283 

systems of heating, 

859 

tip sjpeeds, 

289 

total efficiency of. 

283 

types of, 

281,286.289,402 

in unit conditioners, 

212 

in warm air systems, 

377, 886,402 


Page 


Fatigue, human, 

37 

Filter, filters, 

212, 267 

automatic, 

275 

cloth, 

354 

design of, 

212. 274 

dry air. 

276 

installation of, 

277 

resistance of, 

379 

for sound, 

311 

unit type. 

274 

viscous type, 

274 

Fire walls, 

352 

Fittings, 579 {see also Connections; Pipe) 

areas of. 

587 

flanged, 

589 

lift. 

514 

screwed, 

587 

welding, 

592, 594 

Flame, with oil burners, 

464, 469 

Flanges, welding neck. 

592, 594 

Floors, heat transmission through. 

107 

Flowers, temperatures for greenhouses, 72 

Fluid, fluids, 

cooling of, 

189 

formula for flow of. 

325 

meters, 

648 

Foodstuffs, 

regain of moisture of. 

66 

temperatures and humidities for processing, 68 

Force, 

689 

Forge shops, heat given off in, 

83 

Formulae, conversion, 

699 

Foundries, heat given off in, 

83 

Freezing, 

of cooling water. 

193 

insulation against, 

• 631 

Friction, 

in chimneys, 

428 

coefficients, 

329 

heads in pipes, 

562 

in heating units, 

362 

losses in ducts. 

327, 329. 333 

in water pipes, 

606 

Fuel, fuels, 443 (see also Anthracite; Coal; Coke; 

Gas; Lignite; Oil) 

bed, draft loss through, 

433 

burning equipment, automatic, 

457 

comparative heating costs, 

488 

requirements, 

479 

degree-day method, 

483 

method of approximation, 

485 

saving during non-heating periods, 

481 

utilization of, 

479 

Fumes, 

269, 689 

industrial exhaust systems, 

345 

toxicity of, 

263 

Fundamentals of heating andjair^conditioning, 1 

Furnace, furnaces. 

689 

design of. 376, 383. 396. 40S, 461 

door slot openings, 

446 

efficiency of, 

480 

hand-fired, 

451 

performance curves of, 

397 

ratings of, 

387 

types of, 

375,387,471 

volume, 

689 

for warm air systems, 

375, 396 

Furnaceatat, 

383 

0 

Cage, gages, 

draft, 

676 

pressure, 

675 

steam, 

416 

vacuum, 

675 

Galvanometer, 

676 

Garage, garages, 

air flow necessary in, 

A.S.H,V,E, ventilation code, 

84 

88 

heaters for, 

473 
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Page 


Gas, gases, 
calorific value, 
in chimneys, 
flue, analysis, 
fuel, 

manufactured, 
natural, 
properties of, 
scrubbers, 
toxicity of, 

Gas-fired appliances, 

accessory conditioning equipment. 

automatic control of, 

boilers, 

selection factors, 
carbon monoxide produced by, 
chimneys for, 
classification, 
control of, 
conversion burners, 
furnace requirements for, 
heating costs, estimates of, 
installation, 

rate of gas consumption, 
ratings of, 

types of space heaters, 
used with unit heaters, 
warm air furnaces, 

Gaskets, 

Glass, 

heat transmitted through, 
solar radiation through, 
window, area. 


139, 453 
428 
682 

453 
453. 480 
464 
267 
263 
205, 248 
199 
247, 471 
407, 415, 471 

474 

475 
438 

470 
472, 474 
473, 475 
376, 383 

488 
475 
474, 486 
475 
472 
226 

471 
590 


113, 152 
149 
92 


Glossary of terms, 
Grates, 
areas of, 
of furnaces, 
of stokers, 


685 

690 

371,383,396,414,690 

371,383.390,414 

457 


Gravity, 

convectors, 4i)l 

gravity-indirect heating systems, 499 

specific, 

steam heating systems, o03 

one-pipe air-vent, 503, 500, 535, 547 

two-pipe air-vent, 507, 536, 547 

warm air heating systems, design of, 389 

Greenhouses, temperatures for, 72 

Grille, grilles, 090 (se£ also Registers) 

anemometer readings through, 679 

for concealed heaters, 498 

of roof ventilators, SO 

for warm air systems, 317, 393 


H 

Hartford return connection, 
Health, effect of air pollution on, 
Heaty 

absorbed by building structure, 
air infiltration equivalent of, 
capacity, 
of buildings, 
of leader pipes, 
conduction, 
content, 

of air and water vapor, 
of dry air, 

of saturated water vapor, 
convection, 
conversion equations, 
demand, factors governing, 
effects on human body, 
electrical equivalents of, 
emission, 
of convectors, 
by radiation, 
of radiators, 

equivalent, equivalents, 
of air Infiltration, 
of brake horsepower, 
electrical, 
mechanical, 


505, 645 
260 
090 
139 
128 

60, 149, 690 
481 
391 
687 

10 

16 

18 

687 

699 

131 

86 

073, 700 

491,498 
660 
491,498 
099 
128 
138 
673, 700 
692 


Heat icontinued) , Page 

exchanger, 186, 188 

shell and tube, 177 

flow meter, 92, 683 

gain, 

from fixtures and machinery, 153 

from outside air, 153 

to be removed, 161 

sources of, 214 

infiltration equivalent of, 128 

latent, 090 

loss, 57 

of water vapor, 10 

of the liquid, 23, 691 

loss, 

from bare pipe, 021 

computation of, 91, 140, GOO, 072 

determination of, 131, 138, 479, 057 

effect of insulation on, 033 

from human body, 57, 057, 059 

by infiltration, _ ^ 128, 479 

by intermittently heated buildings, 385 

latent, 57 

from piping of gas-fired furnaces. 474 

by radiation, 41, 657 

sensible, 67, 669 

to unheated rooms, 116 

maximum probable demand, 131 

mechanical equivalent of, 692 

of the liquid, 23, 691 

produced by cattle, 87 

produced by human body, 34 

pump, 671 

radiation, 693 

regulation in man, 34, 38 

sensible, 165, 690 

of air, 10 

loss, 57, 659 

solar, 140 

sources of, 057, 670 

other than heating plant, 138, 170, 482 

total, 15, 261 

of saturated steam, 23 

transmission, 91, 657 

through air spaces, 94 

through building materials, 94 

calculations, 91 

coefficients, 91, 114 

of ceilings, 107 

combined, 115 

of doors, 113 

of floors, 107 

of insulation, 95 

of roofs, 110 

of skylights, 113 

of walls, 100 

of windows, 113, 162 

convection equation, 658 

definition of terms used, 92 

effects of solar radiation on, 148 

formulae, 92 

through glass, 113, 152 

measurement of, 683 

in surface coolers, 103 

by surfaces not exposed to the sun, 140 

symbols used in formulae, 92 

tables, 91 

time lag, 149 

Heaters, 

for domestic hot water, 616 

electric, 668 

capacity of, 673 

radiant, 472, 672 

space, 472 

unit, 219, 695 

wall, 472 

Heating, ' (««# aho Beat) 

costs, relafiVe. 488 

district, , 264, 639 

effect of radiators, 498 

eiectrlcali ^7 

elements, electric, 608 

fundamentals of, 1 

load. 131 

medium, 690 
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Heating {continued), 

Page 

radiant, 

657, 668 

by reversed refrigeration, 

206 

surface, 

409 

square foot of, 

694 

systems. 


district, 

639 

electrical, 

667 

fan, 

359 

gravity warm air furnace, 

389 

hot water. 

559 

mechanical warm air furnace, 

375 

radiant, 

657 

steam, 

503 

units, 


blow- thro ugh. 

361 

central fan, 

361, 669 

draw-through, 

361 

Henry and Dalton, law of, 

595 

Hoods. 


axial velocity formula, 

349 

canopy, 

350 

design of, 

349 

for exhaust systems, 

345 

of furnaces, 

377 

Horsepower, 

691 

boiler, 

411,430, 686 

brake, 


fan. 

187 

heat equivalent of, 

138 

Hot box. 

92, 683 

Hot plate, 

683 

Hot water heating systems, 

559 

forced circulation, 

561 

gravity circulation, 

569, 573 

installation of, 

575 

mechanical circulation. 

573 

Hot water piping. 

559 

Hotels, 


stokers suitable for. 

4G0 

temperatures of in winter, 

132 

water supply, 

599 

Humidification, 

14, 183 

atomization for, 

73 

effective temperatures for, 

50 

methods of, 

202 

relative humidities for, 

50 

for residences, 

252, 496 

systems of, 

194 

with water pans, 

496 

in winter, 

167, 496 

Humidifier, humidifiers, 


with fan systems, 

369 

. types of, 

72 

with uiiit air conditioners, 

212 

Humidistat, 

241, 383, 691 

Humidity, 

7, 668, 691 

absolute, 

7,691 

effect of on acoustics, 

312 

for industrial processing, 

68 

measurement of, 

680 

relative, 8, 691 (see also Relattve Humidtiy} 

A.S.H.V,E. standards, 49 

in comfort zone, 

45 

effect on moisture regain, 

67 

relation to dew point, 

9 

specific, 

8,691 

Hygrodeik, 

681 

Hygroscopic materials. 

67 

with dustless coal, 

450 

moisture content, 

65. 66 

processing of, 

67 

regain, 

65, 66 

Hygrostat, 

241, 691 

X 

ice, in air conditioning, 

178, 204,379, 387 

Inch of water. 

691 

Industrial, 
air conditioning, 

65 

apparatus for, 

72 

automatic control of. 

260 

air pollution, 

261 


Industrial {continued), 

Page 

cooling systems, 

167 

degree-day. 

485 

drying. 

67, 290 

electrical heating systems. 

671 

exhaust systems, 

345 

heat sources. 

138 

plants, 

65 

processing of hygroscopic materials, 

67 

temperatures and humidities for, 

68 

unit heaters, 

226 

Infants, premature. 

43,45 

Infiltration, 

6S5 

average, 
fuel utilization, 

126 

479 

heat equivalent. 

128 

through shingles, 

121 

through walls. 

120 

through windows, 

123 

Institutions, water supply to, 

601 

Instruments, 

675 

Insulation, 

asbestos type, 

691 

corrugated, 

626, 627 

laminated, 

628, 629 

of boilers, 

420 

bright metal foil. 

113 

characteristics of, 

95, 625 

effect on heat loss, 

633 

with electrical heating. 

667 

heat transmission through, 

95, 625 

for low temperatures, 

624 

magnesia type, 

625 

of piping, 

621 

to prevent condensation, 

139,141,632 

to prevent freezing, 

631 

reflective type, 

113 

rock wool type, 

630 

of sound, 

304 

tables. 

95, 625 

thickness needed, 

634 

types of, 

96 

underground, 

636 

of vibration, 

308 

Internal combustion engines, 

189 

Ionization of air. 

. 66 

Isobaric, 

691 

Isothermal, 

7, 691 


j 


Joints, expansion, 

542, 641 

K 

Kata thermometer, 

51, 679 

Kiln drying of lumber. 

72 

L 

Latent heat. 

690 

loss, 

67 

of water vapor, 

10 

L^ad poisoning, 

262 

Leader pipes, 

389 

heat carrying capacity of. 

391 

size of, 

391,401 

Leakage of air, 119 («« also Infiltration) 

Length of run, equivalent, 

631 

Libraries, air conditioning of, 

69 

Lignite, 

444 

Liquid, heat of the, 

23, 691 

Ivoad, 

cooling, 

60, 145 

design, 

410, 689 

heating, 

131 

hot water supply. 

413 

maximum, 

412, 689 

radiation, 

412 

Ibouver fences, 

190 

Lumber, drying of, 

71 
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Machinery, 

as heat source, 
sound insulation of. 
Magnesia insulation, 
Manometer, 


138, 153 
307, 309 
625 
678, 691 


Masonry materials, heat transmission through, 95 


Mass, 

Mb, 

Mbh, 

Mean radiant temperature. 
Mechanical, 
draft towers, 
equivalent of heat, 
warm air furnace systems. 
Metabolism, 

Meters, 
choice of, 
condensation, 
fluid, 

Nicholls heat flow, 
steam flow, 
types of. 

Methyl chloride, 

Metric um'ts, 

Micron, 

Mildew, 

Mixture, air and water vapor. 
Moisture, 
content, 
of air, 

as index of air distribution, 
of hygroscopic materials, 
loss by human body, 
from outside air, 
produced by cattle, 
regain, 

Mol, 

Monitor openings. 

Motive power. 

Motors, 

classification of, 
for fan operation, 
as heat source, 
of unit air conditioners, 

MRT, mean radiant temperature, 


692 
559,692 
559, 692 
657, 660 


52, 66, 72, 165 
51 
66 
67, 59 
153 
87 
65 
692 
80 
281 

293 

294 
293 

138, 153 
210 
657, 660 


Natural draft towers. 
Natural ventilation, 
Nicholls heat flow meter. 
Noise, 

in buildings, 
control of, 
through ducts, 
with warm air systems, 
level, 

acceptable, 
of compressors, 
of fans, 

of unit heaters, 
of various apparatus, 
measurement of, 

Nozzle, 
air spray, 
oil atomizer, 
water spray, 


Odors, 

of human origin, 
concentration, 
removed by^outside air, 

Oil, oils, 
atomization of, 
burner, burners, 

accessory conditioning apparatus, 
air for combustion, 


192 

77 

683 

(see also Sound) 
301 
303 
311 
378 


Oil, oils (continued)^ Page 

air supply for, 463, 467 

automatic, 469 

boilers, 407, 409, 466 

carbon monoxide produced by, 464 

for commercial use, 469 

control of, 247, 465 

for domestic hot water supply, 468 

for domestic use, classification, 462 

estimates of heating costs, 488 

flame with, . 464 

furnace requirements, 376, 383 

installation, 467 

maintenance, 468 

oil consumption. 469, 479, 485 

operation, 464, 469 

Orsat test, 467 

specifications, 451 

calorific value of, 451 

classifications, 451 

as corrosion inhibitor, 597 

cost of, 453 

heated electrically, 671 

ignition of, 452 

preheating, 409 

specifications, 451 

One-pipe steam heating systems, 
gravity air-vent, 503, 506, 535, 547 

down-feed, 606 

up-feed, 504 

vapor, 508 

Openings, 

air inlet, 80 

monitor, 80 

for natural ventilation, 

location of, 83 

resistance offered to flow, 84 

size of, 77 

types of, 78 

Orifice, orifices, 

friction heads, 568 

steam heating systems, 516, 529, 639, 547 

Orsat test apparatus, 407, 682 

Outlets, (see also Registers; Grilles) 

design and location of, 159 

Oxygen, 595 


Paint, 

effect on radiators, 493 

spray booths, 851 

temperatures and humidities for processing, 69 
Partial pressures, Dalton's law of, I 

Perspiration, 36, 54, 58, 60 

Petterson-Palmquist apparatus, 681 

Phon, 300 

Pipe, piping, 579 

bare, heat loss from, 621 


bends, 642 

capacities, (see Pipe^ Sius) 

conduit, W1 

connections, 643, 644 also ConnecHoHs) 
corrosion of, 696 

dimensions of, 680, 621 (see also Pipe, Sizes) 
down-feed systems, 606, SOS, 510, 613 

expansion of, 641, 581. 641 

fittings, 586 (see also Connections; Fittings) 


for water supply, 
welding fittings, 
flanges, 
flexibiUty of, 
friction, 
of air in, 
heads in, 
gaskets, 
hangers, 
heat loss from, 

for hot water heating systems, 

insulation of, 

joints, 

leader, 

radiators, 

scale in, 


604 

590. 621 

692. 621 
681 

327 
663 
691 
686 
474, 621 
669, 576 
621 
642, 641 
391 
491 
696 
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Pipe, piping {continued) , 
sizes, 

for boiler runouts, 
for central fan systems, 
for convector connections, 
dimensions, 
for district heating, 
for domestic hot water, 
effects of variation of, 
elbow equivalents, 
equivalent length of run, 
friction head, 

of orifices in unions, 
for Hartford return connection, 
for hot water heating systems, 
forced circulation systems, 
gravity circulation systems, 
for indirect heating units, 
for pipe coil connections, 
for radiator connections, 
return, capacity of, 
steam, 

underground, 

tables, 

tees, 

for underground steam, 
for water supply, 
weights, 

steam, capacity of, 
for steam heating systems, 
supports, 
sweating, 

systems, down-feed, 
systems, up-feed, 
tax, 

tees, dimensions of, 
threads, 
tunnels, 
types of, 
underground, 
insulation of, 
steam, 

for unit conditioners, 
for unit heaters, 
up-feed systems, 
valves, 

water supply, 
weights of, 
welding, 

Pitot tube, 


Page 

545 
549 

580, 582 
640 
611 

567 

563 
531 

564 

568 
543 
560 
562 

569 
551 
549 
547 
534 

528, 532, 533 
639 
533, 582 
587 
639 
602 
580 
629 
503, 527 
585 
632 

506. 508, 610. 513 

504. 507, 509, 512 

413 
587 
585, 589 
643 

579 

635 

639 

213 

225 

504. 507, 609, 512 

592 

599 

580 
590 
678 


Plastering materials, heat transmission through, 97 
Plenum, 

chamber, 692 

systems, automatic control of, 246 

Plumbing fixtures, S99 

Pollution of air, 269 

Ponds, cooling, 190 

Potassium permanganate, 191 

Potentiometer, 676, 692 

Power, 692 

conversion equations, 699 

electric, 673 

Precipitators, dust, 266 


Pressure, pressures, 
absolute, 
air, 

in heating unit, 

measurement of, 
apparatus sensitive to, 
atmospheric, 
for atomization, 
barometric, 

conversion equations, 
drop, formula for, 
dynamic, 

fo^^through ducts, 
measurement of, 
partial, Dalton*8 law of, 
refrigerating plant, 
of saturated vapor, 
static, 


685 

362 
678 
241 
676. 686 
184 
428, 075 
3 
700 
640 
688 
075, 690 
326 
675 
1 

188 

10 

871, 694 


Pressure, pressures {continued) , Page 


steam, 


in district heating, 

640 

drop. 505, 528, 533 

initial. 

528 

in orifice systems, 

516 

saturated, 

23 

in sub-atmospheric systems, 

515 

total, 

695 

vapor. 

27, 696 

velocity, 

696 

water, 

26. 602 

Processing, 

65 

cooling systems, 

167 

industrial, temperatures and humidities 

for, 68 

of textiles, 

67 

unit air conditioners, 

200 

unit heaters, 

227 

Propeller fans, test code for, 

284 

Psychrometer, 

693 

sling. 

680 

Psychrometric, 


chart, 

insert 

explanation, 

19 

tests, 

39 

Pump, pumps, 


circulating, 

573 

condensation return, 

518 

heat, 

671 

vacuum, 

515 

ratings of, 

519 

Pyrheliometer, 

146 

Pyrometer, 

677. 693 

mercurial, 

677 

optical, 

677 

radiation, 

677 

thermo-electric, 

677 

0 


Quality, 


of air. 

51,55 

A.S.H.V.E. ventilation standards, 

49 

impaired by recirculation, 

55 

Quantity, 


of air, 


A.S.H.V.E, ventilation standards, 

49 

blown by wind. 

77 

measurement of, 

678 

necessary for ventilation, 52, 54, 83, 169 

of cooling water, 

188 


R 


' Radiant heat, 472 

thermometric chart does not apply, 41 

Radiant heating, 657 

Radiation, 693 

by black body, 660 

direct, control of, 243 

equivalent direct, 138, 559, 694 

heat loss by, 41,657 

by human body, 38. 41. 69, 667 

as index of fuel consumption, 486 

load, 412 

with oil burners, 464 

by radiators, 491 

solar, . 146 

curative value of, 56 

effect on heat transmission, 148 

occlusion of, 261 

Radiator, radiators, 491,693 

A.S.H,V,E. code for, 498 

column, 687 

condensation rate in, 496 

connections, 547, 672 

enclosed, ' 496 

S as-fired, 473 

eat emission of, 491, 498 

heating edacity of, 498 

heating effect of, 493 

for hot water systems, 569 
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Radiator, radiators {continued). 

Page 

output of, 

492 

paint, effect of, 

493 

ratings of, 

492 

shields. 

496 

types of, 

491 

warm air, 

473 

Rain, as dust catcher, 

Ratings, 

268 

of air cleaning devices. 

272 

of boilers. 

410, 475 

for central fan conditioning, 

162 

of concealed heaters, 

497 

of fans, 

288 

of furnaces, 

387 

of gas- fired appliances, 

475 

of noises, 

302 

of pressure reducing valves. 

539 

of radiators, 

492 

for surface coolers. 

162 

for unit air conditioners, 

214 

of unit coolers, 

236 

of unit heaters, 

223 

of unit ventilators. 

231 

of vacuum pumps, 

519 

Receivers, alternating, 

524 

Refrigerants, 

693 

codes for use of, 

157 

types of, 

176,211,379 

Refrigerating capacity, 

170 

Refrigerating plant, 

186, 188 

compressor, 

190 

operating methods, 

171 

size of. 

171 

steam jet system, 

Refrigeration, 

173, 190 

cycle. 

167 

dehumidification by, 

106 

diagram of, 

167 

direct expansion system. 

202,215 

indirect expansion system, 

203 

mechanical, 

202 

reversed. 

206, 671 

steam jet, 

204, 675 

ton of, 

170, 605 

ton-day of, 

695 

unit coolers, 

234 

vacuum. 

204 

Regain, 


of hygroscopic materials. 

66 

standards of commercial, 

70 

Registers, 603 {see also Grilles) 

with gas- fired furnaces. 

472 

with mechanical warm air furnace systems, 381 

sizes, 

393,401 

and stacks. 

81 

of unit air conditioners, 

210 

Reheaters, 

161 

Relative humidity, 

50. 691 

apparatus sensitive to, 

A.S.H.V.E, standards, 

241 

49 

for banana ripening. 

71 

in comfort zone, 

45, 48 

control of, 

251 

effect on sound. 

312 

in industrial plants, 

65 

of libraries, 

70 

for lumber drying, 

72 

mildew, 

70 

for processing, 
in public buildinga, 

68. 70 
48 

in residences, 

496 

for textile testing, 

70 

from water pans, 

496 

Research residence, 

Residences, 

379,399 

air distribution in. 

317 

humidification of, 

252, 496 

oil burners for, 

462 

conversion burners, 

473 

stokers for, 

458 


Resistance, 

Page 

of bright metallic surfaces, 

113 

of building materials. 

95, 632 

in ducts. 

354 

of exhaust systems, 

355 

of filters, 

379 

of insulators. 

95. 632 

of sound-insulating materials, 

308, 310 

thermal. 

694 

Resistor, 

667, 671 

Restaurants. 

tobacco smoke in, 

52,212 

water supply to, 

618 

Return, 

dry, 

CSS 

pipe, capacity. 

534 

wet. 

696 

Ringelmann chart, 

682 

Rock wool insulation, 

630 

Roof, roofs, 

coefficients of transmission of, 

no 

conductivities of, 

97 

solar radiation on, 

148, 150 

ventilator, 

80 


s 


Salts in cooling water, 

187 

Scale. 

in boilers, 

439 

centigrade, 

676 

on equipment, 

187 

Fahrenheit, 

670 

in pipe. 

595 

RC^aumur, 

676 

School, schools, 

air distribution in, 

317 

air flow necessary in, 
optimum air conditions, 

84 

46 

stokers suitable for, 

400 

temperature of, in winter, 

132 

ventilation in, 

46, 319 

Scrubbers, 

267, 273 

air, 

183 

Sensible heat, 

105, 000 

of air, 

10 

loss. 

57. 659 

Settling chamber. 

266 

Sheet metal, for ducts, 

352 

Shingles, air leakage through, 

121 

Silica gel, 

regain of moisture of, 

66 

system of adsorption. 

168 

Silicosis, 

262 

Sizes of pipe, 

Bipg, Sims) 

Skylights, 

80, 113 

Sling psychrometer, 

680 

Smoke, 

259, 693 

abatement of. 

263 

measurement of, 

682 

recorders, 

682 

tobacco. 

52, 212 

Solar heat, 

146 

Sound, 

299 

absorption coefficients, 

303 

control. 

299 

effect on duct design, 

341 

effect of humidity on, 

312 

effect of temperature on, 

312 

insulation of, 

804 

intensity, 

299 

measurement of, 

300 

in steam heating systems, 

530 

Specific density, 

3 

Specific gravity, 

2,693 

of fuel gas, 

454 

Specific heat, 

3,693 

mean, of water vapor, 

3 

of water. 

26 

Specific humidity, 

8 

Specific volume, 

3. 693 

of saturated steam, 23 
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Alphabetical Index to Technical Data Section 


Split system, 

air conditioning equipment, 
automatic control of, 
central fan, 

Spray, 

booths for painting, 
cooling, 
ponds, 

efficiency of, 
towers, 

distribution of, 
generation of, 

type of central station system, 
water coolers, 

Square foot of heating surface, 
Stack, stacks, 
effect, 
height, 
size of, 

system with registers, 
wall, 

Stairways, 

Standards, 

air conditioning, 

A.S.H.V.E. codes and standards, 
commercial regain, 
for pipe, 

for ventilating industrial plants, 
for welding, 


Page 
694 
229, 319 
244 
359 

351 


190, 

191, 


81, 


S3, 392, 


192 

191 

192 
73 
73 

156 

177 

G94 

389 

7S 

694 

401 

SI 

392 

127 


33,48 
48, 704 
70 
581 


262 

591 


Steam, 
coils, 

condensing rates, 
flow, Babcock’s formula, 
heat content of, 
as heat source, 
heating systems, 
air-vent, 
atmospheric, 
classification, 
condensation return pumps, 


connections, 
corrosion of, 
design of, 
dirt pockets, 
district heating, 
dripping of, 
electric, 


188, 694 
205 
494 
527 
18 
070 
503, 670 
503, 507, 535, 636 
511,639, 647 
603 
518 


equivalent length of run, 
gravity systems, 
one-pipe, 
two-pipe, 

with high-pressure steam, 
mechanical, 
orifice, 
pipe, , 
capacity, 
sizes, 

pressure drop in, 
sub-atmospheric, 
types of, 
vacuum, 
vapor, 
one-pipe, 
two-pipe, 
water hammer in, 
high pressure, 
jet apparatus, 
meters for, 
pressure, 
properties of, 
requirements of buildings, 
saturated, properties of, 
savings in use of, 
tables, 

untPerground, 
in unit heaters, 

Stokers, 

automatic control of, 
dedgn of, 
economy of, 
mechanical, 
types of, 


{see Connections; Fitting^ 

511, 627 
566 
639 
566 
670 


631 
503 

503. 500, 536. 647 
507, 536, 547 
539 
503 

616, 529, 639. 547 
527 (see also Fi’pe) 
529, 532 
628, 632 
606, 615 
514, 620, 529, 539, 647 
503 

613,619.622,538,647, 696 
629, 647 
508 
608, 637 
530 
639 
204, 676 
648 
639 
22, 670 
661 
28 
046 
7, 18, 28 
694 
039 
221 


247, 883 
467 
467 
467 
408, 467 


Storage, Page 

of hot water, 617, 671 

temperatures and humidities for, 68 

Storm sash, 122 

Sub-atmospheric systems, 514, 520, 529, 539, 547 
Suction, 

static, in exhaust systems, 347 

unloaders, 211 

Sulphur dioxide in air, G9 

Summer, 

care of heating boilers, 419 

comfort zone, 43, 46, 48 

conditioning, apparatus for, 155, 159 

desirable indoor conditions in, 48, 50 

temperatures, 147 

wind velocities and directions. 147 


Sun, 

diurnal movement of, 
effect, 

effect on heating requirements, 
factor of cooling load. 

Surface, 

cooling, 

equipment, 

air conditioning, 
ratings, 
extended, 

gravity-indirect heating systems, 
heating, 

square foot of, 
radiant heating, 
secondary, 

Symbols, 
for drawings, 

for heat transmission formulae, 
Synthetic air chart, 


148 

60 

517 

152 


156 
162 
156 
162 
497 
499 
689, 691 
694 
661 
466 

701 

92 

694 


T 


Tank, tanks, 
for domestic water supply, 
expansion, 
flush, 

Tees, dimensions of. 
Temperature, 
absolute, 

of air leaving outlets, 
ammonia, 

apparatus sensitive to, 

for banana ripening, 

of barns, 

basic, 

body, 

changes, effect on human beings, 

of chimney gases, 

in cities, 

of city water, 

commonly specified, » 

control of, 

of cooling water, 

dew-point, 

difference, 

between floor and ceiling, 
desired, determination of, 
in stacks and leaders, 

dry-bulb, 

as index of air distribution, 
maximum design, 
specified in winter, 
for drying lumber, 
effect on moisture regain, 
effect on sound, 
effective, 

A.S.H.V.E. standards, 
chart, 

for maximum comfort, 
optimum, 
scale, 

of gas flame, 
for greenhouses, 
in industrial plants, 
in industrial processing, 
inside, 
surfaces, 


41, 49, 


48, 


605 

574 

605 

587 

685 
159, 364 
188 
239, 676 

71 
87 

3 

34, 36, 658 
37 
428 

136, 147, 484 
179 
3 

243, 465, 672 
188 
2,261 

134, 494 
83 

81, 301 
1, 9, 49, 688 
61 
147 
132 

72 
67 

133, 166, 688 
49 
40 
43, 659 
43 
39, 60 
*454 
72 

66. 485 
68,70 
133, 364, 483 
660 
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Temperature (continued), 

Page 

low, insulation for, 

624 

of mean interior surface. 

660 

mean radiant, 

657, 600 

measurement of, 

87. 239, 676 

in occupied space, 

48, 52. 483 

outside, 

134, 146, 483 

radiation-convection , 

663 

range of cooling equipment, 

189' 

records of cities, 

136, 147, 484 

at registers. 

391, 396. 500 

room, 

9, 195, 483, 677 

sensations, 

38 

surface. 

of man. 

658 

mean interior, 

660 

systems for control of, 

243. 465, 672 

for textile testing. 

70 

thermo-equivalent conditions. 

39 

value used in calculations, 

124, 364 

wet-bulb, 

2, 15, 680, 696 

average, 

189 

design, 

147, 189 

as index of air distribution. 

51 

maximum, 

189 

Terminology, 

685 

Test methods, 

675 

Textile, textiles, 
fibres. 

regain of moisture, 

65 

weaving of. 

67 

temperatures and humidities for processing, 69 

testing, standard atmosphere for, 70 

Theaters, 

air distribution in, 

321 

' cooling in, 

320 

heat sources in, 

138 

temperatures of. 

48, 132 

Thermocouples, 

076 

Thermodynamics, 

604 

of air conditioning, 

1 

laws of, 

691 

Thermo-equivalent conditions, 

39 

Thermometer, 

duct, 

677 

globe, 

663 

Kata, 

679 

mercurial, 

676 

recording. 

677 

resistance, 

676 

Thermometric chart, 

40 

Thermopile, 

676 

Thermostat, thermostats, 

696 

differential, 

9,252 

with gas-fired furnaces, 

472 

location of, 

243, 247, 383 

with oil burners, 

464, 468 

with radiant heaters, 

672 

types of, 

81,228,239 

Tobacco smoke, 

52. 212 

Ton of refrigeration, 

170, 695 

Ton-day of refrigeration, 

695 

Towers, cooling, 

174, 179, 187, 190 

atmospheric, 

192 

mechanical draft, 

196 

natural draft, 

192 

spray, 

191 

Traps, 

t 

dust catchers, 

266 

return, automatic, 

624 

with steam heating systems, 

509. 520 

types of, 

521 

Tube, 

Bourdon, 

676 

Pitot, 

m 

shell and tube heat exchanger, 

177 

Tuning fork, 

Tunnels, for steam pipe, 

301 

648 

Turbines, with unit heaters, 

226 


Two-pipe steam heating systems, Page 

gravity air-vent, 507, 536, 547 

down-feed, 508 

up-feed, 507 

vapor, 508, 537 

down-feed, 510 


Ultra-violet light, 56, 261 

Underwriters’ loop, 505, 545 

Unit air conditioners, 197,319,695 

accessory apparatus, 198 

advantages, 200 

classification, 201 

costs, initial and operating, 215 

design of, 207 

functions of, 201 

installation of, 213 

location of, 206 

ratings of, 214 

required capacity of, 214 

types of, 205 

uses of, 200 

Unit conditioning systems, 

197 (see Unit Air Conditioners) 
Unit coolers, 219, 695 

design of, 234 

ratings of, 236 

Unit heaters, 219 

blow-through type, capacity of, 220 

boiler capacity, 224 

control of, 243 

design of, 219 

draw-through type, capacity of, 222 

electric, 609 

output of, 223 

ratings of, 223 

types of, 219, 069 

used in industry, 226 

Unit ventilators, 210, 227 

capacity of, 230 

control of, 244 

design of, 227 

ratings of, 231 

Unwin pressure drop formula, 640 

Up-feed piping systems, 6tH, 507, 609, 612 

Upward system of air distribution, 321 


Vacuum pumps, 616 

Vacuum refrigeration, 204 

Vacuum system of steam heating, 

613, 519, 522, 638. 547, 096 
Valve, valves, 692 

apparatus which operates, ,241 

on boilers, 417, 544 

control, 

in oil installations, 468 

with steam heating systems, 641, 593 

with high pressure steam, 639 

operator, 241 

pressure- reducing, 540 

ratings of, 539 

for radiators, 505, 509 

roughing-in dimensions, 696 

sub-atmospheric system, 516 

on traps, 622 

types of. 593 

for water supply, 604 

Vanes, 822 

Vapor, 

raxture with air, 10 

pressure, 26 

steam heating systems, 608 

water, 3, 5, 9, 16, 18 

weight of saturated, 16 

Vegetables, temperatures for greenhouses, 72 

Velocity, 096 

air. 

A.S.H.V.E. ventllarion standards, 49 

in ducts of buildings, 331, 841 

in exhaust systems. 847, 853 
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C. V. Haynes 

John Howatt 

G. L. Larson 
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One Year 
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W. T. Jones 
J. F. McIntire 
W. E. Stark 


Council 

C. V. Haynes, Chairman 
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Two Years 
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Co., 232 W. Seventh St., and 1557 Addingham 
PL, Cincinnati, Ohio. 

BRENNAN, John W. (Jf 1935; A 1934), Salesman 
(for mail), American Blower Corp., Hofmann 
Bldg., and 5944 Yorkshire, Detroit, Mich. 

BRIDE, William T. (M 1928; A 1928: J 1925), 
Supt., Engrg. (for mail), P. O. Box 777, Lawrence, 
and 50 High bt., Methuen, Mass. 

BRIGHAM, Frederick 11. (M 1930), Sales Engr,, 
G. 11. Glcavson ik Co., 25 Huntington Ave., 
Boston, and (for mall), 80 Bedford St., Lexing- 
ton, Mass. 

BRINKER, Harry A. (M 1934), Member of Firm, 
Wilson- Brlnker Co., 412 IVthian Bldg., and (for 
mail), 524 Village St., Kalamazoo, Mich. 

BRINTON, Joseph Ward (M 1020), Dist, Mgr. 
(for mail). American Blower Corp., 1003 .Statler 
Bldg., Boston, and 42 Gleason St., West Medford, 
Mass. 

BRISSETTE, Leo A. (M 1930), Treas. (for mail), 
Trask Htg. Co., 4 Merrimac St„ Boston, and 168 
Florence St., Melrose, Maas. 

BRODERICK, Edwin L.* (M 1033), Research 
Asst, in Mech. Engr. (for mail), University of 
Illinois, 210 M. E. Ub., and 1108 W. Stoughton 
St., Urbana, 111. 

BRONSON. Carlos E.* (M 1919), Mech. Engr. 
(for mail), Kewanee Boiler Corp,. and 311 
McKinley Ave., Kewanee, til. 

BROOKS, Frank W. (S 1031), (for mail). 2111 
Abington Rd., Cleveland, and 936 N, Broadway, 
Dayton, Ohio. 

BROOM, Benjamin A. (M 1014), Sales Promo- 
tion Engr.. Weil McLain Co., 641 W. Lake St., 
and (for mail), 1544 Sherwln Ave., Chicago, III. 

BROWN, Alfred P. (M 1927), Vice-Pres. (for 
mail), Reynolds Corp., 600 N. LaSalle St., 
Chicago, and 551 Hill Terrace, Winnetfca, IlL 

BROWN, Aubrey L* (ikf 1023), Prof, of Htg. and 
Vtg. (for mail), Ohio State University, and 160 
Richards Rd., Columbus, Ohio, 

BROWN. Foakett* <M 1926), Vice-Pres. (for 
mail), Omy 8t Dudley Co., m Third Ave. N.. 
P. O. Box 722, and 2314 West End Ave., Nash- 
vine, Tenn. 

BROWN, Morris (/ 1028), Htg. Engr. (for mdl), 
Brown Bros., 340 Talbot Ave., and 606 Park St., 
Dorchester, Mass. 

BROWN, Ronald F. (S 1933), 66 Mitcheh Ave., 
Binghamton, N. Y. 
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BROWN, Tom (i\f 1930), Gen. Mgr. (for mail). BURNETT, Earle S. (M 1920), Mech. Engr., 
Autovent Fan & Blower Co., 1805 N. Kostner U. S. Bureau of Mines, Amarillo Helium Plant, 


Ave., and 5826 Lake St., Chicago, Til. 

BROWN, William A. {M 1930), 2523-14th St. 
N.W., Washington, D. C. 

BROWN, William H. (A 1923), Mgr. (for mail). 
Brown Bros., 3310 W. North Ave., and 3015 
North 22nd St., Milwaukee, Wis. 

BROWN, W. Maynard (A 1930), Warren Webster 
& Co., 17th and Federal Sts., Camden, N. J. 

BROWN, W, Murray (7 1935; 5 1930), Draftsman 
and Estimator (for mail), William P. Brown, 31 
Sanford St., and 78 Randolph St., Springfield, 
Mass. 

BROWNE, Alfred L. (M 1923), Illinois Engrg. 
Co., 3514 Grand Central Terminal, New York, 
N. Y., and 253 I-Iighland Rd., South Orange, 

N. J. 

BRUGKMANN, John G. (7 1935; 5 1932), Sales 
Repr., American Radiator Co., 40 West 40th St., 
and (for mail), 2290 Sedgwick Ave., New York, 
N. Y. 

BRUEGGEMAN, Arthur R. (M 1920), (for mail). 
The Erie Engineering Co., 1740 East 12th St., 
Cleveland, and 17220 Aldersyde Dr., Shaker 
Heights, Ohio. 

BRUNETT, Adrian L. {M 1923), Assoc. Mech. 
Engr., U. S. Supervising Architects Office, 
Treasury Dept., Washington, D. .C., and (for 
mail), P. O. Box 30, «» Rockville, Md. 

BRUST, Otto (M 1930), (for mail), Lufttcchnische 
Gesellschaft, Prag 1, Revolucni 13 and Veverkova 
ul 3 Prag VII Czechoslovakia. 

BRYANT, Dr. Alice G. (M 1921), 502 Beacon St.. 
Boston, Mass. 

BRYANT, Percy J. (M 1915), Chief Engr. Tor 
mail), Prudential Insurance Co., 783 Broad St., 
Newark, and 754 Belvidere Ave., Westfield, N. J. 

BUCK, Lucien (M 1928), Pres, (for mail), Buck 
Dryer Corp., P. O. Box 308, Manchester, Conn. 

BUCKLEY, Martin B. (A 1930), 824 Grand Ave., 
Kansas City Mo. 

BUENGER, Albert* (M 1920; 7 1917), (Council, 
1934), Mech. Engr. (for mail), C. H. Johnston 
Archt., 715 Empire Bank Bldg., and ICUG 
Stanford Ave., St, Paul, Minn. 

BUENSOD, Alfred Charles (M 1918), Sales 
Engr., Carrier Engrg. Corp., Chrysler Bldg., and 
(for mail), 1 Fifth Ave., New York, N. Y. 

BUFORD, Jack W. (7 1935; .S 1033), 2323 Ash- 
land Ave., Walnut Hills, Cincinnati, Ohio. 

BULKELEY, Claude A.* (M 1923), Chief Engr. 
(for mail), Niagara Blower Co., 6 East 45th St., 
and 410 West 68th St., New York, N. Y. 

BULL, Alvah Stanley (7 1935; S 1938), 304 West 
35th St., Minneapolis, Minn. 

BULLEIT, Charles R. (M 1932; A 1932; 7 1930), 
2812 Austin Ave., Evansville, Ind. 

BULLOCK, Howard H. (A 1933), Commercial 
Engr, (for mail), General Electric Co., 6201 
Santa Fe Ave., Los Angeles, and 2530 Grand St., 
Walnut Park, Calif. 

BULLOCK, Thomas A, (M 1930), Engr. (for 
mail), Densmorc, LeClear & Robbins, 31 St. 
James Ave., Boston, and 39 Fairmont St., 
Arlington, Mass. 

BUOT, Antonio V, (S 1936), 2730 Portland Ave. 
S., Minneapolis, Mian. 

BUR, Juliftn R. C. (7 1931), Chief Engr. (for mail), 
Bur 8c Co., 10 Rue du Chapeau Rouge, and 1 
Place Francois, Rude Dijon, France. * 

BURBAUM, W. Allen (7 1938), Asst. Br. Mar., 
Rex Cole Inc., 2392 Grand Concourse, New 
York, and (for mail), 180 Clinton Ave., Brooklyn, 
N. Y. 

BURCH, Laurence A, (M 1934). Mgr. Htg. Div., 
Ferfex Radiator Corp,, 416 W, Oklahoma PL, 
and (for mail), 421 E. Lloyd St„ Milwaukee, Wia. 

BURKE, James J. (7 1930), Engr. (Air Cond,), 
Carrier Engrg. Corp., 860 Freirnghuysen Ave., 
Newark, and (for mail), 720 N. Broad St., 
Elimbeth, N* J. 

BURKE, William J. (A 1984), 1109 S. Carson 
St., Tulsa, Okla. 


P. O. Box 2025, and (for mail), 4223 West 11th 
Ave., Amarillo, Texas. 

BURNS, Edward J. (M 1923), 4716 Aldrich Ave. 
S., Minneapolis, Minn, 

BURNS, John R. (7 1935; 5 1933), (for mail). 5035 
Forbes St., Pittsburgh, Pa., and 504 N. Main St., 
Wallingford, Conn. 

BURNS, Robert {M 1934), Engr. (for mail), Coal 
Stoker Sales Co., 500 N. Craig St., and 482 
Antenor Ave., Pittsburgh, Pa. 

BURRITT, Charles G. (A 1916), Mgr., Minne- 
apolis Office (for mail), Johnson Service Co., 922 
Second Ave. S., and Buckingham Hotel, Minne- 
apolis, Minn. 

BUSHNELL, Carl D. (A 1921), Pres, (for mail), 
The Bushnell Machinery Co., 1501 Grant Bldg., 
Pittsburgh, and 94 Pilgrim Rd., Rosslyn Farms, 
Carnegie, Pa. 

BUTLER, Peter D. (M 1922), Salesman, U. S. 
Radiator Corp., 370 Lexington Ave., New York, 
N. Y., and (for mail), 127 Edgewater Rd., Grant- 
wood, N. J. 

BUTT, Roderick E. W. (7 1930), Partner, Crerar. 
Butt & Co., 14 Regent St., London S.W.I., and 
(for mail), 3 Orme Court, London W2, England. 

BUTTS, Robert L. (5 1935), 64th and Norraan- 
dale Sts,, Minneapolis, Minn. 

c 

CALDWELL, Arthur C. (M 1930), Estimator and 
Engr., P. CJormly Co., 155 North 10th St., and 
(for mail), 550 South 48th St., Philadelphia, Pa. 

CALEB, David (M 1923), Engr. (for mail). 
Kansas City Power & Light Co., 1330 Baltimore 
Ave., and 141 Spruce St., Kansas City, Mo. 

CALLAGHAN, Philip F., Jr. (7 1929), Sales 
Mgr., D. G. C. Trap & Valve Co., 9 East 46th 
St.. New York, and (for mail), 3003 Ave. I, 
Brooklyn, N. Y. 

CALLAHAN, Peter J. (M 1934), Sr. Draftsman, 
College City of New York Project, c/0 C. B. 
Heweker, Village Hall, Stapleton, and (for mail), 
4057 Amboy Rd., Great Kills, Staten Island, 
N. Y. 

CAMPBELL, Alfred 0-, Jr. (7 1933), Sales Mgr., 
E. K. Campbell Cos., and (for mail), 1083 
Meriwether Ave., Memphis, Tenn. 

CAMPBELL, Everett K.* (iU 1920), (Council, 
1931-1933), Pres, and Treas. (for mail), E. K. 
Campbell Heating Co., 2446 Charlotte St., and 
3717 Harrison Blvd., Kansas City, Mo. 

CAMPBELL, E. K., Jr. (7 1930), Thermidaire 
Corp., 2445 Charlotte St.. Kansas City, Mo. 

CAMPBELL, F. B. (A 1927), (for mail), American 
Radiator Co., 40 West 40th St., New York, and 
246 Macon St., Brooklyn, N. Y. 

CAMPBELL, Robert K (S 1934), c/o Mrs. L. 
Winn, 781 Ocean Ave., Brooklyn, N. Y. 

CAMPBELL, Thomas F. (M 1928), Minneapolis- 
Honeywell Regulator Co., 1013 Penn Ave., 
Wilkinaburg, Fa. 

CANDEE, Bertram G. (M 1933), Partner, Beman 
& Candee, 374 Delaware Ave., Buffalo, and (for 
mall), 19 Tremont Ave., Kenmorc, N. Y. 

CANNON, C. Newton (7 1936; 5 1933), General 
Electric Co., and (for mail), 1164 Wendell Ave., 
Schenectady, N. Y. 

CAREY, James A. (M 1928), Carrier Engrg. 
Corp., Newark, N. J., and (for mail), Villanova, 

CAREY, Paul C. (M 1930), (for mail), Runyon 8c 
Carey, 33 Fulton St., Newark, and 81 Clare- 
mont Dr.j Maplewood, N. J. 

CARLE, WllUam E. (M 1926). Pres, (for mail), 
Carle- Boehling Co,, Inc,, 1641 w. Broad St., and 
2220 Flojd Ave., Richmond, Va. 

CARI.SON, Everett E. (M 1932; A 1929), Br. 
Mgr. (for mail), The Powers Regulator Co., 1010 
I^uderman Bidg., and 6662 Washington Ave., 
St. Louis, Mo. 

CARMAN, George G. (A 1931; 7 1928), Lewis 
In^tute, Chicago, 111. 
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CARPENTER, R. H. (M 1921), (Council, 1930- 
1934), Mgr., New York OfHce (for mail), Nash 
Engrg. Co., Graybar Bldg., 420 Lexington Aye., 
New York, and 20 Jefferson Ave., White Plains, 
N. Y. 

CARR, Maurice t. (M 1931). Director ^or mail), 
Pittsburgh Testing Lab., P. O. Box 1646, and 
Webster Hall, Pittsburgh, Pa. 

CARRIER, Earl G. (J 1929). Estimating Engr., 
Carrier South Africa (Pty), Ltd., 20 Beresford 
House, Simmonds St., Johannesburg, Transvaal, 
Union of South Africa. 

CARRIER, Willis H.* (M 1913), {Presidential 
Member), (Pres., 1931; 1st Vice-Pres., 1930; 2nd 
Vice-Pres., 1929; Council, 1923-32), Chairman 
of the Board (for mail). Carrier Corp., 850 
Frelinghuysen Ave., Newark, and Rensselaer 


Rd., Essex Fells, N. J. 

CARTER, Doctor (M 1934), Consulting Engr., 
273 Ave. Haig., Shanghai, China. 

CARY, Edward B. {M 1935), Vice-Pres., John 
Paul Jones, Cary & Miller, Inc., Cleveland, and 
(for mail), 3549 Daleford Rd., Shaker Heights, 
Ohio. 

CASE, Walter G. (A 1930), Tech. Mgr., Ideal 
Boilers & Radiators, Ltd., Ideal House Gt., Marl- 
borough St., London W.L, and (for mail), 66 
The Ridgeway-Kenton, Middlesex, England. 

CASEY, Byron L. (M 1921), Sales Engr. (for 
mail), Ilg Electric Vtg. Co., 182 N. LaSalle St., 
Chicago, and 515 N. Park Ave., Park Ridge, 111. 

CASEY, Huntley F. (M 1931), Sales Repr., P. 0. 
Box 271, E. Falls Church, Ya., and (for mail), 
756 E. River St., Anderson, S. C. 

CASH, Tidie T. (A 1925), Mgr. gor mail), 
Grinnell Co., Inc., 240 Seventh Ave. $., and 617 
Kenwood Pkwy., Minneapolis, Minn. 

GASPERD, Henry W. H. (J 1930), Engr., Carrier 
Engrg. Co., Ltd., 12 Mission Row, Calcutta, 
India, and (for mail), 21 Robin Hood Lane, 
Sutton, Surrey, England. 

CASSELL, John D,* (Life Member; M 1913), 
(Council, 1930-34), 2008 Walnut St., Phila- 
delphia, Pa. 

CHANDLER, Clark W. (J 1935; S 1930), (for 
mail), Chandler Co., and 1815 Ridgewood 
Terrace, Cedar Rapids, Iowa. 

CHAPIN, C. Graham (M 1933), 231 State St., . 
New London, Conn. 

CHAPPELL, Henry D, (M 1931), Dist. Mm:., 
V-Belt Drive Co., 100 Morgan Bldg., and yor 
mail), 8019 Third Ave., Detroit, Mich. 

CHAISES, Thomas J. (M 1934), Pres, (for mail). 
Metropolitan Air Cond. Corp., 432 Fourth Ave., 
New York, and 175 Marine Ave., Brooklyn, 
N. Y. 

CHARLET, Louis W. (M 1934), Mgr., New York 
Br, (for mail), Kewanee Boiler Corp., 35-37 
West 39th St., New York, and 427 Rich Ave., 
Mt. Vernon, N, Y. 

CHARLTON, John Felder (A 1932), Engr.. 
Appraiser (for mail), Box 2087, and 1631 N.E. 
Fifth St., Ft. Lauderdale, Fla. 

CHASE. Channel L. (M 1931), Htg. and Vtg. 
Engr*. Edward E. Ashley, Cons. Engr., 10 East 
40th St., New York, and (for mail), 8829 Ft. 
Hamilton Pkwy., Brooklyn, N, Y. 

CHASE, L. Richard (J 1931), Br. Mgr. (for mail). 
Buffalo Forge Co., 315 Dwight Bldg., and 4822 
Wornall Rd., Kansas City, Mo. 

CHEESEMAN, Evans W* (S 1934), Carnegie 
Inst, of Tech., Pittsburgh, Pa. 

CHERNE. Realto E. (J 1929). Engr., Carrier 
Engrg. Corp.. Chrysler Bldg^ New York, N. Y., 
and Tor maili. 126 DeHart PL, Elia^abeth, N. J. 

CHERRY, Lester A.* m 1921), Consulting Engr. 
(for mail), Industrial Planning Corp., 271 
Delaware Ave., Buffalo, and 155 Euclid Ave., 
Kenmore, Erie Co. JSf. V* 

CHERVEN, Victor W. (M 1928; A 1920), Chief 
Engr, (for mail), Holland Furnace Co., and 326 
Maple Ave., Holland, Mich. _ 

CHESTER, Thomaa’*'j:Af 1917), Consulting Engr., 
949 Chicago Blvd., Detroit, Mich. 


949 Chicago B1 
CHESNUTT, N, 
Norman, Okla, 


P. (S 1984), 760 De Barr, 


GHEYNEY, Charles G. (.4 1913), Asst. Sales 
Mgr. (for mail), Buffalo Forge Co., 490 Broad- 
way, and 255 Lincoln Pkwy., Buffalo, N. Y. 

CHIPPERFIELD, W. H. (A 1934), Service Engr., 
Walker- Crosweller Co., Ltd., 20 Queen Elizabeth 
St.. S.E.L, and (for mail), 54 Lankers Dr., N. 
Harrow, Middlesex, England. 

CHOFFIN, G. C. (M 1919), Pres-Treas. (for mail). 
The Scholl-ChoSin Co., Mahoning Ave. and 
Hogue St., and 560 Tod Lane, Youngstown, 
Ohio. 

CHRISTENSON, Harry (A 1931), Supt. of Htg. 
(for mail). Hunter Prell Co., 311 Elm St., and 85 
Wentworth Ave., Battle Creek, Mich. 

CHRISTIAN, Charles W. (Life Member; M 1913), 
Mgr. (for mail), Chas. W. Christian Co., P. 0. 
Box 292, Charlotte, and 1101 Providence Rd., 
Myers Park, N. C. 

CHRISTIE, Alfred Y. (A 1933), Salesman, U. S. 
Radiator Corp., 233 Vassar St., Cambridge, and 
(for mail), 715 La Grange St., West Roxbury, 
Mass. 

CHRISTMAN, William F. (A 1932; / 1931), (for 
mail), Kroeschell Engrg. Co., 2306 N. Knox Ave., 
and 3912 N. Hoyne Ave., Chicago, 111. 

CHURCH, Herbert John (M 1922), Mgr. (for 
mail). Darling Brothers, Ltd., 137 Wellington 
St. W„ Room 902 Toronto, and 358 Main St. N., 
Weston, Ont., Canada. 

CLARE, Fulton Warren (M 1927), Owner (for 
mail), Clare & Co., 120 Spring St. N.W., and 
935 Plymouth Rd., Atlanta, Ga. 

CLARKE, Samuel S. (Life Member; M 1909), 
Pres, and Mgr. (for mail), S. S. Clarke 8: Co., 
Ltd., 605 W. Second St., and 603 W. Second St., 
Calgary Alberta, Canada. 

CLARKSON, Robert C., Jr. (M 1921), 6050 
Overbrook Ave., Philadelphia, Pa. 

CLARKSON, W. B. {Life Member; M 1919), 251 
Broadway, Owatonna, Minn. 

CLEGG, Carl (M 1022), Dist. Mgr. (for mail), 
American Blower Corp., 311 Mutual Bldg., and 
3321 (jillham Rd., Kansa.*? City, Mo. 

CLEGG, Robert R. (A 1933), Zone Repr., Owens 
Illinois Glass Co., Industrial Div,, Landreth 
Bldg., and (for mail), 4615 J.indell Blvd., St. 
Louis, Mo. 

GLODFBLTER, John L. (A 1932), Supt. (for 
mail), Carolina Sheet Metal Corp., 4210 Sansom 
St., Philadelphia, and West Cheater Pike and 
Brief Ave., Elizabeth Manor Apt., Upper Darby, 
Pa. 

CLOSE, Paul D.* (M 1928), Chief Engr., In- 
dustrial Uses Div. (for mail), Celotex Co., 919 
N. Michigan Ave., Chicago, and 4622 Grove, 
Niles Center, HI. 

CLOUGH, Leslie (M 1922), Consulting Engr. (for 
mall). Box 34 and 203 Pierce Rd., Weymouth, 
Mass. 

COCHRAN, Lex H. (M 1934), Dist. Mgr, (for 
mail), American Blower Corp., Rialto Bldg., and 
130 Camino Del Mar, San Francisco, Calif. 

COE, Ralph T. (M 1917), Prop, (for mail), The 
R. T, Coe Cos., 400 Reynolds Arcade, and 236 
Chile Ave., Rochester, N. V. 

COHAGEN, Chandler C. (M 1919), P, 0. Box 
2100, Billings, Mont. 

COHEN, Nathan (J 1936; S 1933), 2306 Loring 
PL, New York, N. Y. 

COHEN, Philip (M 1932), Dist. Mgr. (for mail), 
B. F. Sturtevant Co.. 407 E. Ohio Gas Bldg., 
Cleveland and 3681 Lynnheld Rd., Shaker 
Heights, OMo, 

COLBY, Clyde W. (M 1015), ConsuIUnf Engr. 
(for mail). Old School Eomt, South Hadley, 
Mass., and 40 Rosemerc Ave., Rye, N. Y. 

COLCLOUGH, O. T» (A 1933), Custodian, 
American Legation, American Government 
Bldg., and (for n^), 407 Elgin St„ Ottawa, 
Canada 

COLE, Edwin Q. (M 1931), 382 Lebanon St., 
Melrose, Mass. 

COLE, Grant E. (A 1925), 480 King St W„ 
Toronto, Ont., Canada* 
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COLEMAN, John B. (M 1920), Chief Engr. (for 
mail), Grinnell Co., Inc., 275 W. Exchange St., 
and 237 Cole Ave., Providence, R. I. 

COLLAMORE, Ralph (M 1904), (Board of 
Governor, 1913), Secy., Smith, Hinchman & 
Grylls, 800 Marquette Bldg., and (for mail), 
679 Pingree Ave., Detroit, Mich. 

COLLIER, William 1. (M 1921), W. I. Collier & 
Co., 522 Park Ave., Baltimore, Md. 

COLLINS, John F. S., Jr. (M 1933), Supervisor 
of Steam Utilization (for mail), Alleghany 
County Steam Htg. Co., Philadelphia Co. Bldg., 
435 Sixth Ave., and 827 N. Euclid Ave., Pitts- 
burgh, Pa. 

COMSTOCK, Glen Moore (A 1926), Dist. Repr. 
(for mail), L. J. Wing Mfg. Co., G04 Chamber of 
Commerce Bldg., Pittsburgh, and 154 College 
Ave., Beaver, Pa. 

CONNELL, Richard F. (M 1916), Mgr., Capitol 
Testing Lab., U. S. Radiator Corp., 1056 First 
National Bank Bldg., Detroit, Mich. 

CONNER, Raymond M. (M 1931), Director (for 
mail), American Gas Assn., 1032 East 62nd St., 
and 271 East 216th St., Cleveland, Ohio. 

COOK, Alton B. (5 1934), 533 S. Flood, Norman, 
Okla. 

COOK, Benjamin F. (iW 1920), Consulting Engr. 
(for mail), 114 West 10th St. Bldg., Kansas City, 
and 1720 Overton Ave., Independence, Mo. 

COOK, Howard A. (A 1933), Supt., Htg., Vtg. 
and Sprinkling (for mail), University Plbg. & 
Htg, Co., 3939 University Way, and 1433-33rd 
Ave., Seattle, Wash. 

COOK, Ralph P. {M 1930). Engr. of Mech. 
Equip, (for mail), Eastman Kodak Co., Kodak 
Park, and 105 Falleson Rd., Rochester, N. Y. 

COOMBE, James (A 1932), Vice-Pres. (for mail). 
The Wm. Powell Co., 2525 Spring Grove Ave., 
and 2363 Grandin Rd., Cincinnati, Ohio. 

GOON, Thurlow E. (M 1910), Pres, (for mail). 
The Coon-De Visser Co., 2051 W. Lafayette, and 
820 Edison Ave., Detroit, Mich. 

COOPER, Frederick D. (A 1930), Sales Engr., 
905 Holden Ave., and (for mail), 1746 Longfellow 
Ave., Detroit, Mich. 

COOPER, John W. (M 1932; A 1925; J 1921), 
Repr. (for mail), Buffalo Forge Co„ 1500 Arcade 
Bldg., St. Louis, and 312 E. Big Bend Rd., 
Webster Groves, Mo. 

COPPERXJ0, Edmund R. (/ 1933), Asst. Mgr. 
(for mail), Minneapolis Plbg. Co., 1420 Nicollet 
Ave., and 4110 Nicollet Ave., Minneapolis, Minn. 

CORNELL, J. Clarence (A 1930), Checker 
(Mechanical), 12 South 12th St., and (for mail), 
2823 W. Allegheny Ave., Philadelphia, Pa. 

CORNWALL, Georfto I. (M 191^, Mgr.. Boiler 
Dept, (for mail), Hitchings & Co., 701 Spring 
St., and 633 Madison Ave., Elizabeth, N. J. 

CORRAO, Joseph (J 1933), Engr., C. C. Moore 
Co., 450 Mission St., and (for mail), 864~3l8t 
Ave., San Francisco, Calif, 

CORRIGAN, James A. (J 1936; 5 1930), 2601 W. 
St. Louis Ave., St. Louis, Mo. 

COWARD, Herbert (M 1921), Carrier Engrg. 
Corp., 0(K Washington Bldg., Washington, D. C. 

COX, Harrison F. (A 1930), 243 Carroll St., 
Paterson, N. J. 

COX. William W. (U 1923), (for mail). Heating 
Service Co., 326 Columbia St., and 6232«-8l8t 
Ave. N.E., Seattle, Wash, 

CRANSTON, William E., Jr. (M 1931), (Los 
Angeles Board of Governors, 1933-34), Vice- 
Pres. (for mail), Thermador Electrical Mfg. Co., 
116 Llewellyn St., Los Angeles, and 1912 Meri- 
dian Ave., South Pasadena, Calif. 


CRAWFORD; John H„ Jr, (J 1930), 872 High- 
land Ave., Orange, N. J. 

GRESSY, Ralph E. (/ 1929), Sales Engr,, Hoff- 
man Specialty Co., 600 Fifth Ave., New York, 
and (tor mail), 403 St, Lawrence Ave,, Buffalo, 
N, y. 


CRIQUI. Albert A,’»' (M 1919), Chief EnfflCy Htg. 
ana Vtg. Dept., Buffalo Forge Co., 490 Broad- 
and (for mail), 260 Blaine Ave,, Buffalo, 


CRONE, Charles E., Jr. (M 1922), Secy-Treas. 
(for mail), Wendt & Crone Co., 2124 Southport 
Ave., and 1320 N. State St., Chicago, 111. 

CRONE, Thomas E. (Life Member; M 1920), 
Salesman, W. A. Russell & Co., Grand Central 
Term. Bldg., and (for mail), 542 West 112th St., 
Apt. lOA, New York, N. Y- 

CROSS, Robert E. (A 1931), 95 State St., Spring- 
field, Mass. 

CUGGI, Victor J. (M 1930), Consulting Engr., 
347 Madison Ave., New York, N. Y. 

CULBERT, William P. (A 1929), Secy, (for mail), 
Culbert- Whitby Co., Inc., 2019 Rittenhouse St., 
Philadelphia, and 929 Alexander Ave., Drexel 
Hill, Pa. 

GUMMING, Robert W. (M 1928), Mech. and 
Sales Engr., Sarco Co., Inc., 183 Madison Ave., 
New York, and (for mail), 81 Alkamont Ave., 
Scarsdale, N. Y. 

CUMMINGS, Carl H. (A 1927; J 1926), Mgr. (for 
mail). Industrial Appliance Co, of New England, 
250 Stuart St., Boston, and 41 Edgehill Rd., 
Chestnut Hill, Mass. 

CUMMINGS, G. J. (M 1923), 2001 Hoover Ave., 
Oakland, Calif. 

CUMMINS, George H. (M 1919), Dist. Mgr. (for 
mail), Aerofin Corp., 616 United Artist’s Bldg., 
and 17376 Wisconsin Ave., Detroit, Mich. 

CUNNINGHAM, Thomas M. (M 1931; A 1931; 
J 1930), Production Mgr., Carrier Engrg. Corp., 
180 N. Michigan Ave., Chicago, 111. 

CURRIER, Charles H. (M 1919), Vice-Pres. (for 
mail), Ross Heater & Mfg. Co., Inc., 1407 West 
Ave., and Park Lane Apts., 33 Gates Circle, 
Buffalo, N. Y. 

CURTIS, Herbert F. (A 1934), Berea, Ohio. 

CUSHMAN, Lester D. (M 1930), 89 Traincroft 
St., Medford, Mass. 

CUTLER, Joseph A. (M 1916), (Council, 1917- 
1926), Vice-Pres. (for mail), Johnson Service Co., 
1355 Washington Blvd., Chicago, and 649 
Hinman Ave., Evanston, 111. 


D 

DAtBLSTROM, Godfrey A. (A 1927), Htg. Sales 
Engr., Central Supply Co., 312 S. Third St., and 
(for mail), 3721-47th Ave. S., Minneapolis, Minn. 

DAILEY, James A. (A 1920), 31-64-30th St., 
Astoria, L. I., N. Y. 

DAKIN, Harold W. (J 1934), Asst. Engr,, Wagner 
En^rg. Corp., 22 Dunham St., Pittsfield, and (for 
mail), 169 Park Ave., Dalton, Mass. 

DALLA VALLE, J. M.* (J 1933), Asst. Sanitary 
Engr., U. S, Public Health Service 19th and 
Constitution Ave.. Washington, D. C., and (for 
mailj, 17 Jones Bridge Rd., Chevy Chase, Md. 

’ DALY, Charles P. (A 1936), Contractor (for mail), 
Rantraann Plbg. &'Htg. Co., 116 Jackson St., 
and 2438 Queen Aune, Seattle, Wash. 

DALY, Robert E. (M 1931), Executive Dept, (for 
mail), American Radiator Co,, 40 West 40th St., 
and 12 ]^st 88th St., New York, N. Y. 

DAMBLY, A. Ernest (M 1924; J 1921), (for mail), 
H. B. Hackett, 901 Architects Bldg., Phila- 
delphia, Pa., and Harvey Cedars, N. J. 

DANFORTH, N. Loring (M 1919), John W. 
Danforth Co., 72 ElUcott St., Buffalo, N. Y. 

DARBY, Marion H. (J 1930). Sales Engr. (for 
mail), Carrier-Brunswick de Mexico, S,A., 
Edindo Cidosa Deapacho, 101, Uruguay 65, 
Mexico, D.F., Mexico. 

DARLING, Arthur B. (A 1929), Asat. Sales 
Mgr. (for mail). Darling Bros,, Ltd., 140 Prince 
St„ and 4216 Ijorchester St. W., Montreal, P. Q., 
Canada. 

DARLINGTON, Allan P. (U 1930), Salesman 
(for mail), American Blower Corp., 2539 Wood- 
ward Ave., and 3606 Devonshire, Detroit. Mich. 

DARTS, Joim A. (M 1919), Kewanee Boiler Co., 
Inc.. 670 Seventh Ave., New York, N. Y. 

DAUGH, EmU O. (M 1921), Secy-'^eas. (for 
mail), McCormick Plbg. Supply Coy, lo76 
BaSey Ave., and The Whittier Hotel, Detroit, 
Miclu 
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DAVENPORT, R. F. (A 1933), 77 James St. E., 
Brockville, Ont., Canada. 

DAVIDSON, L. Clifford (M 1927), Associate Dist. 
Mgr. (for mail), Buffalo Forge Co., 220 South 
16th St., and 6312 Sherwood Rd., Philadelphia, 
Pa. 

DAVIDSON, Philip L. (M 1921; J 1921), Asst. 
Dist, Mgr. (for mail), Carrier Engrg. Corp.,'12 
South 12th St., Philadelphia, and 14 Radnor 
Way, Radnor, Pa. 

DAVIES, George William (M 1918), Managing 
Dir. (for mail). Htg., Vtg. & Domestic Engra., 
79 Maclaggan St., Dunedin, and 145 Kenmure 
Rd., Mornington, New Zealand. 

DAVIS, Arthur C.* (M 1920), Supt. of Main- 
tenance, The Port of New York Authority, 111 
Eighth Ave., New York, N. Y., and (for mail), 
73 Preston St., Ridgefield Park, N. J. 

DAVIS, Arthur Folsom (M 1934), Vice-Pres. (for 
mail), The Johnson & Davis Plbg. & Htg. Co., 
2235 Arapahoe St., and 1901 Ivanhoe St., 
Denver, Colo. 

DAVIS, Bert C. (il-i 1904), (Council, 1917), Pres, 
and Treas. (for mail), American Warming & 
Ventilating Co., 317-19 Pennsylvania Ave., and 
603 W. Church St., Elmira, N. Y. 

DAVIS, Calvin R. (M 1927), Br. Mgr. (for maij), 
Johnson Service Co., 2328 Locust St., and 7534 
Westmoreland Dr., St. Louis, Mo. 

DAVIS, James R. (S 1934), 2111 Abington Rd., 
and (for mail), 9704 Miles Ave., Cleveland, Ohio. 

DAVIS, Joseph (ili 1927; A 1920), Owner, Htg. 
Engr. and Contractor (for mail), 607 Root Bldg., 
70 W, Chippewa, and 11H> Huntington Ave., 
Buffalo, N. Y. 

DAVIS, Otis E. (M 1929; A 1925), 1501 Fourth 
Ave., Scotts Bluff, Nebr. 

DAVIS, Rowland G. (A 1921), Sales Repr., 887 
Ncla View Rd., Cleveland Heights, Ohio. 

DAVISON, Robert L. (M 1934), Director of 
Research (for mail), John B. Pierce Foundation, 
<40 West 40th St., and 28 East 10th St., New 
York, N. V. 

DAWSON, Eugene F. (M 1034), Asst. Prof. Mcch. 
Engr. (for mail), University of Oklahoma, and 
910 S. Iffuotl vSt., Norman, Okla. 

DAWSON, Thomas L. (M 1930), Pres, (for mail), 
Thomas L. Dawson Co., 203o Washington St., 
Kansas City, Mo., and fiCtli and Shawnee 
Mission Rd., Rosedale Station, Kansas City, 
Kails. 

DAY, Harold C. (A 1934), Mgr., American 
Radiator Co., 374 Delaware Ave., and (for mail), 
Buffalo Athletic Club, Delaware Ave., Buffalo, 
N. Y. 

DAY, V. S.* (M 1924), Engr. (.for mail). Carrier 
Kngrg. Corp., 850 Krelinglmysen Ave., Newark, 
and 160 Summit Ave., Summit, N. J. 

DEAN, Charles L, (M 1932), Asst. Prof, Mech. 
Engrg., University of Wisconsin, and (for mail), 
2603 Stevens St., Madison, Wia, 

DEAN, Prank J., Jr. (S 1934), Clerical, Automatic 
Electric Co., 1033 W. Van Buren, and (for mail), 
126 S, Central Ave., Chicago, 111. 

DeBLOIS, Lewis A. (M 1934). Consulting Engr.. 
485 Ejist 57th St., New York, N, Y. 

DEELY, James J. (J 1933), Sales Engr., Brooklyn 
Union Gas Co., 180 Remsen St., and (for mail), 
Hotel St, George, Brooklyn, N, Y. 

DeEAND, Charles W. (M 1924; J 1923), Secy- 
Treas. (for mail), C. W. Johnson Co., Inc., 211 
*N. Desplaines St., and 2021 Estes Ave., Chicago, 
111 , 

DENNY, Harold R, (A 1934), Mgr. Merch. Dept,, 
American Blower Corp., 401 Broadway, New 
York, N. Y. 

DEUT’CHMAN, Julius (/ 1936; S 1933), D3 
Wellesley Ave., Yonkers, N. Y. 

DEWEY, R. P. (M im), Chief Engr, (for mail). 
Barber-Colman Co., and 2301 Oxford St„ 
Rockford, 111. 

DIBBLE, S. E.* CM 1917), (Pmfdrnifal Mswfttff). 
(Pres., 1925: lat Vicc-Fres*. 1924; 2iid Vice- 
Sres., 1922; Council, 1923'-1926). Supt., Thomas 
Ran ken Patton School, Ellssabethtown, Pa. 


DICE, Eugene S. (.S 1933), 7141 Upland St.. 
Pittsburgh, Pa. 

DICKENSON, Frederick R. (A 1934), Dist. 
Mgr. (for mail), American Blower Corp., 1302 
Swetland Bldg., Cleveland, and 3435 Menlo Rd., 
Shaker Heights, Ohio. 

DICKEY, Arthur J. (M 1921), 9 Mossom PL, 
Toronto, Ont., Canada. 

DICKSON, Robert B, (M 1919), Pres, (for mail), 
Kewanee Boiler Co., Inc., Franklin St. and Q 
Tracks, and 409 E. Prospect St., Kewanee, 111. 

DTMOR, Elton J- (M 1933), Br. Mgr. and Engr., 
The Trane Co., LaCrosse, Wis., and (for mail), 
189 N. Auburndale St., Apt. 7, Memphis, Tenn. 

DISNEY, Melvin A. (A 1934), Co-Partner, 
Mfr’s. Reprs., Htg., Vtg., and Air Cond. Equip, 
(for mail), 4301 H Main St., and 802*1 Mercier, 
Kansas City, Mo. 

DISTEL, Frank (M 1918), Owner, Distel Heating 
Equipment Co., 404-406 Kalamazoo Plaza (for 
mail), P. O. Box 133, and 1011 W. Genesee St., 
Lansing, Mich. 

DIVER, M. L. (M 1925), Consulting Engr., P. O. 
Box 1016, San Antonio, Texas. 

DIXON, Arthur G. (M 19281. Sales Mgr. (for 
mail), Modine Mfg. Co., and 4-12 Wolif vSt., 
Racine, Wis. 

DOBBS, G. E. (A 1921), Repr., Burnhain Boiler 
Corp., 3 lat and Jefferson Sts., Philadelphia, Pa., 
and (for mail), 72 Berlin Ave., Haddonlield, N. J, 

DODDS, Forrest F. (M 1920), Br. Mgr. (for mail), 
American Radiator Co., 1023 Grand Ave., and 
235 Ward Pkwy., Kansas City, Mo. 

DODGE, Harry G. (A 1934), Vice-Prea., Metro- 
politan Pipe & Supply (lo., 145 Broadway, 
Cambridge, and (for mail), 28 Rustic Rcl,, 
Melrose Highland, Maas. 

DOERING, Frank X^. (M ltH9), Salesman, 
American Radiator ('o., 219 Denver Ave., 
Lynchburg, Va. 

DOHERTY, Russell (.4 1929), Chicago Dial. 
Mgr. (for mail), National Radiator Corp., 1111 
East 83rd St., ('hicugo, and 300 Forest Ave., 
Oak Park, 111. 

DOLAN, Raymond G. (M 1926; A 1926; J 1922), 
Secy-Treaa. (for mail), Tom Dolan Htg. Co., 
Inc., 614 W, Cirand, and 2112 Wt‘st 29th, Okla- 
homa City, Okla. 

DONNELLY, James A.* (M 1990, (Treasurer, 
1912-1914), Largent, W. Va. 

DONNELLY, Russell (M 1923), Sales Engr. (for 
mall), Nash Engrg. Co., Graybar Bldg., 429 
Lexington Ave., New York, N. V. 

DONOVAN, William J. (A 1930), 2239 North 
27th St., Philadelphia, Fa, 

DONZELLI, Eurico (M 1933), Piazza SS Pietro e 
Lino, No. 4., Milan, Italy. 

DORFAN, Mortou 1. (M 1929), Mgr. Du«t 
Collecting Div„ Blaw-Knox Co., P, O, Box 1198, 
and (for mail), 6367 Morrowfidd Ave., Pitts- 
burgh, Pa. 

DORNHEIM, G. A. (M 1912; J 1906), 16 Hamil- 
ton Ave., Bronxville, N. Y. 

DORSEY, Francis C. (M 1920), Engr, and 
Contractor (for mail), Francis C. Dorsey, Inc., 
4520 Scheniey Rd., Roland Park, and 212 
Gittincs Ave., Baltimore, Md, 

DOSTBR, AleH* (A 1634), .Secy, (for mail), The 
Torrlngton Mfg. Co., 70 Franklin St,, Toriington, 
and Luchfield, Conn, 

DOUGHTY, Charios Jolm (M 1926), Pres, and 
Managing Director (for mail), C. J, Doughty 
Co., Fed. Inc., U, S. A., SO Bremn Rd., and 1920 
Ave. Joffre, Shanghai, China. 

DOVOLIS, Nick J. (S 1636), 3403 Chicago Ave,, 
Minneapolis, Minn. , 

DOWNE, Edward R, (M 1627), American CJaa 
Products Corp,, 40 West 40th St., Nw York. 
N. Y. 

DOWNE, Haary S. (Life Mmbm M 1866), Cle 
National© det Radlateurs, 149 Blvd. Hausaman, 
PariSjtPrance. ' ^ 

DOWNES, Henry H* (M 1623), Mgr. Navy 
Div, (for mall), American Blow Corp*, 6|4 
Woodward Bldg., Wiidngton, D* C., aid 4606 
rkvidaon 0r., Chevy Clmte, Md. 


14 



Roll of Membership 


DOWNES, Nate W. {M 1917), (Council, 1928- 
1930), Chief Engr. and Supt. of Bldgs, (for mail). 
School Dist. of Kansas City, 317 Finance Bldg., 
and 2119 East 68th St., Kansas City, Mo. 

DOWNS, Sewell H. {M 1931), Chief Engr., 
Clarage Fan Co., and (for mail), 211 Creston 
Ave., Kalamazoo, Mich. 

DOYLE, William J. (M 1920), Factory Mgr., The 
Williamson Heater Co., 4558 Marburg Ave., and 
(for mail), 3766 Hyde Park Ave., Cincinnati, 
Ohio. 

DRINKER, Philip=f= {M 1922), Assoc. Prof, (for 
mail). Harvard School of Public Health, 55 
Shattuck St., Boston, and Puddingstone Lane, 
Newton Center, Mass. 

DRISCOLL, William H.* (M 1904), (Presidential 
Member), (Pres., 1926; 1st Vice- Pres., 1925; 2nd 
Vice- Pres., 1924; Treas., 1923; Council, 1918- 
1927), (for mail), Thompson-Starrett Co., Inc., 
444 Madison Ave., New York, N. Y., and 50 
Glenwood Ave., Jersey City, N. J. 

DuBOIS, Louis J. (M 1931), Air Cond. Engr., 
York Ice Machinery Corp., 117 South 11th St., 
and (for mail), 7337a Lindell Ave., St. Louis, Mo. 

DUBRY, Ernest E. (M 1924), Asst. Supt., Central 
Htg., The Detroit Edison Co., 2000 Second Ave., 
and (for mail), 9116 Dexter Blvd., Detroit, Mich. 

DUDLEY, William Lyle (M 1922), Vice-Pres. (for 
mail), Western Blower Co., 1800 Airport Way, 
and 814-32nd Ave., Seattle, Wash. 

DUFF, Kennedy {M 1915), Mgr. (for mail), 
Johnson Service Co., 28 East 29th St., New 
York, N, Y., and 9 Park Ave., Maplewood, N. J. 

DUGAN, Thomas M. (M 1920), Sanitary and 
Htg. Engr., National Tube Co., Fourth Ave. and 
Locust St., and (for mail), 1308 Freeraont St., 
McKeesport. Pa. 

DUGGER, Earl R. (S 1934), 3409 Classen, 
Oklahoma City, Okla. 

DUNCAN, George W., Jr. (M 1923), 2512 
Ben venue Ave., Berkeley, Calif. 

DUNCAN, James R. (M 1023). Carrier Austra- 
lasia, Ltd., 56 Hunter St., Sydney, Australia. 

DUNCAN, William A. (A 1930), Dist. Service 
Engr. (for mail), Dominion Oxygen Co., Ltd,, 92 
Adelaide St. W., and 20 Tyrell Ave., Toronto, 
Ont., Canada. 

DUNHAM, Clayton (M 1911), Pres, (for 
mail), C. A. Dunham Co., 450 E. Ohio St., 
Chicago, and 150 Maple Hill Rd., (Jlcncoe, 111. 

DUKKEE, Merritt E. (A 1930), Sales Engr. (for 
mail), C. A. Dunham Co., 101 Park Ave., New 
York, and 254 Martine Ave., White Plains, N. Y. 

DURNING, Edward H. (J 1931), Commercial 
Sales, Dallas Gas Co., Harwood and Jackson 
Sta., and (for mail), 1830 Moser St., Dallas, 

DURYEA, Albert A. (J 1935; 5 1933), 151 Belden 
Point, City Island, N. Y. 

DUSOSSOITj Edmond A. (M 1920), Treas. (for 
mail), Lynch & Woodward, Inc.. 320 Dover St., 
Boston, and 10 Hancock Ave., Newton Center, 
Mass. 

DWYER, Thomas F. (M 1023), Mech. Engr. (for 
mail), Board of Education, 49 Flatbush Ave. 
Ext., Brooklyn, and 1163 Clay Ave., New York, 
N. Y. 

DYER, Orville R. CM 1919), Mgr» Blower Dlv, 
(for mail), Buffalo Forge Co„ 490 Broadway, and 
11 Ruaseli Ave., Buffalo, N. Y. 


E 

EADIE, John O. (M 1909), Eadle, Freund & 
Campbell Co., 110 West 40th St., New York, 
N. lA 

EAGAR, R, Frank (M. 1922), 93 Edward St., 
Halifax, N.S., Canada. _ 

EARINS, Walter (M 1928), 330 E. Phil Ellena 
St,, Germantown, Philadelpliia, Pa. 

EASTMAN, Carl B. (M 1932; A 1932; J 1929), 
Mgr. Philadelphia ^les Ofidee, C. A. Dunham 
Co., 1600 Walnut St., Philadelphia, and (for 
mail), 7247 Calvin Rd., Upper Darby, Pa. ’ 


EASTWOOD, E. O. (M 1921), (Council, 1931- 
1934), Prof, of Mech. Engrg. (for mail), Uni- 
versity of Washington, and 4702-12th Ave. N.E., 
Seattle, Wash. 

EATON, Byron K. (M 1920), 75 N. Park Rd., 
La Grange, 111. 

EATON, William G. M. (A 1934), Sales Engr., 
Pease Foundry Co., Ltd., 118 King St. E., 
Toronto 2, and (for mail), 59 Symington Ave., 
Toronto 9, Canada. 

EBERT, William A. (M 1920), Mech. Contractor 
(for mail), 1026 W. Ashby, and 2151 W. Kings 
Highway, San Antonio, Texas. 

EDWARDS, Daniel F. (M 1920), 2340-42 Pine 
St., St. Louis, Mo. 

EDWARDS, Don J. (A 1933), Vice-Pies, (for 
mail), General Heat & Appliance Co., 94 Massa- 
chusetts Ave., Boston, and 40 Rockledge Rd., 
Newton, Mass. 

EDWARDS, Paul A. (M 1919), Pres, (for mail), 
The G. F. Higgins Co., 60S Wabash Bldg., and 
3074 Pinehurst Ave., Pittsburgh, Pa. 

EELLS, Henry B. (M 1926), New York Mgr., 
Barnes & Jones, Inc., 101 Park Ave., New York, 
and (for mail), 1049 East 27th St., Brooklyn, 
N. Y. 

EGGLESTON, Lewis W. (M 1921), American 
Radiator Co., 5961 Lincoln Ave., Detroit, Mich. 

EGGLY, Harry J., Jr. (M 1933), Consulting 
Engr. (for mail), 1805 Walnut St., Philadelphia, 
and Elkins Park Apts., Elkins Park, Pa. 

EHRLICH, M. William*!' (M 1916), Chief Engr., 
Commodore Heaters Corp., 11 West 42nd St., 
New York, N. Y., and (for mail), 56 Ridge Rd., 
Lyndhurat, N. J. 

EICHBERG, W. Roy (Af 1929), Pres, (for mail), 
Carolina Sheet Metal Corp,, 4210 Sansom St., 
Philadelphia, and 828 Turner Ave., Dre.xel Hill, 
Pa. 

EICHER, HuBert G. (J-J 1922), State Director, 
School Bldgs., Div. Dept, of Public Instruction, 
State Capitol, and (for mail), 103 South St., 
Harrisburg, Pa. 

EISS, Robert M. (M 1933; A 1933; J 1930), (fof 
mail), 72 Brantwood Rd., c/o Buffalo N. Y. P. 0., 
Eggertsville, N. Y. 

ELLINGWOOD, Elliott L. (M 1909), 3r>4 S. 
Spring St., Los Angeles, Calif, 

ELLIOT, Edwin (M 1929), (for mail), Edwin 
Elliot & Co., 560 North 16th St., Philadelphia, 
and 403 W. Price St., Germantown, Philadelpliia, 
Pa. 

ELLIOTT, Louis (M 1932), Consulting Mech. 
Engr., Electric Bond Sz; Share Co., 2 Rector St., 
Room 1914, New York, N. Y. i 

ELLIOTT, Norton B. CA 1934), Br. Mgr.] 
American Blower Corp., 1011 Majestic Bldg., 
and (for mail), 6170 N. Idlewild Ave., Mil- 
waukee, Wis. 

ELLIS, Ernest E. (M 1922), Secy-Treas., F. A. 
Ellis & Co., Inc,, MO Center St., Winnetka, III. 

ELLIS, Frederick E. (M 1923}, Sales Mgr. (for 
mail), Imperial Iron Corp., Ltd., 30 Jefferson 
Ave., Toronto, and 9 Princeton Rd., Kingsway 
P. O. Toronto 3, Ontario, Canada. 

ELLIS, Frederick R. (M 1913), Sales Engr., 
Buerkel & Co., Inc., 18-24 Union Park St., 
Boston, and (for mail), 131 Beacon St., Hyde 
Park, Mass. 

ELLIS, Harry W. (M 1923; A 1909), Pres., 

i ohnson Service Co., 607 E. Michigan St., 
Milwaukee, Wia. 

EMERSON, Ralph R. (M 1922), 48 Gay St., 
Newtonville, Mass. 

EMERY, Huijh (J 1935; S 1933), 20 Morgan PI., 
N. Arlington, N. J. 

EMMERY, Luther D. (M 1919), Repr. (for mail), 
Buffalo Forge Co., Room 1909, 20 N. Wacker 
Dr,* Chicago, and 1704 Hinman Ave., Evanston, 
111 . 

EMMONS, Neal U (S 1934), 1100 East 19th, 
Oklahoma City, Okla. 

ENCEL, Edward (J 1933), Design Draftsman (for 
mail), Hull Div. U. S. Navy Yard, and 2008 
North 30th St„ Philadelphia, Pa. 
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ENGLE, Alfred (A 1923), Sales Mgr. (for mail), 
Jenkins Bros., 80 White St., New York, and 1 
Edgewood Rd., Scarsdale, N. Y. 

EPPLE, Arnet B. (J 1934), Student Engr., B. R 
Sturtevant Co., Boston, and (for mail), 8 Elm St., 
Hyde Park, Mass. 

EPPRIGHT, John O. (J 1934), 3928 Benton 
Blvd., Kansas City, Mo. 

ERDLE, Gardner F. (A 1933), Mfrs. Repr. (for 
mail), 374 Delaware Ave., Buffalo, and 19 
Tremont Ave., Kenmore, N. Y. 

ERICKSON, Harry H. (.4 1929), Sales Engr., 
General Fittings Co., 804 Architects Bldg., and 
(for mail), 5909 North 21st St., Philadelphia, Pa. 

ERICKSON, Martin E. (A 1926), Supt., Main- 
tenance, Board of Education, and (for mail), 
1533 South 74th St., West Allis, Wis. 

ERICSSON, Eric B. (M 1933), Engr.. Custodian, 
Board of Education, and (for mail), 605 West 
116th St., Chicago, 111. 

EVANS, C. A. (M 1919), 527 Massachusetts Ave., 
Buffalo, N. Y. 

EVANS, Edwin C. (M 1919), Consulting Engr., 
2953 Zephyr Ave., Corliss Station P. O., Pitts- 


burgh, Pa. 

EVANS, William A, (M 1018), Mfr. and Agent, 
W. A. Evans & Co., 180 Broadway, New York, 
N. Y., and (for mail), 24 Woodland Rd., Maple- 
wood, N. J. 

EVELETH, Charles (M 1911), 2030 East 
115th St., Cleveland, Ohio. 

EVERETTS, John, Jr.^i^ (A 1935; J 1929), Engr. 
(for mail), W. L. Fleisher, 11 West 42nd St„ 
New York, and S3 Kenilworth PL, Brooklyn, 


N. Y. 

EVLETH, Everett B. (A 1927), Div. Mgr. (tor 
mail), Minneapolis- Ploncywell Regulator Co., 
43 E. Ohio, Chicago, and 1023 Ashland Ave., 
Wilmette, 111. 


F 


FABER, Dr. Oscar (M 1934). Consulting Engr. 
(for mail), Romney House, Marsham St., West- 
minster, London and Hayes Court, Kenley, 
Surrey, England, 

FAGIN, Daniel J. {M 1932). Heating PJngr., 
House Htg. Div., Laclede Gas Light Co., 11th 
and Olive, and (for mail), 4920 Chippewa Ave., 
St. Louis, Mo. 

FAHNESTOCK, Maurice K.* (M 1927), Re- 
search Asst. Prof, (for mail), University of 
Illinois, 214 M. E. Laboratory, and 701 W. 
California St., Urbana, 111. 

FAILE, Edward H. (M 1934), Consulting Engr., 
E. H. Fade Co., 441 Lexington Ave., New York, 
N. Y., and (for mail), 1336 Fairfield Ave., 
Bridgeport, Conn. 

FALTENBACHER, Harry J, 1930), 236 E. 
Wister St., L’hiladelphia, Pa. 

FaLVEY, John D. (M 1922), 6686 Pershing Ave., 
University City, Mo. 

FAMILETTI, a. Robert (7 1930), 2812 Wharton 
St., Philadelphia. Pa. 

FANSLER, P. E. (A 1927), Editor (for mail), Oil 
Heat, 167 Madison Ave., New York, N. Y., and 
Catonsville, Md. 

FARLEY, W. P. {M 1930). Salesman, American 
Radiator Co., 40 West 40th St., New York, and 
(for mail), 28 Elm St,, New Rochelle, N. Y. 

FARLEY, Willoughby 3. (7 1933), Partner, 
Farley & Luther, 120 S. Union St., and (for mail), 
211 Montague St., Danville, Va. 

FARNHAM, Roswell (M 1920), (Council, 1927- 
1932), Dist. Mgr,, Kngrg. ik\t$ (for mail), 
Buffalo Forge Co., P. O. Box 985, ana 5 Claren- 
don PL, Buffalo, N. Y. 

FARNSWORTH, John G. (7 1931), Gas House 
Htg, Engr. (for mail), Central Illinois Light Co., 
310 S, Jefferson St., and 313 Crescent St., Peoria, 
111 . 


FARRAR, GeeU W, (M 1930; A 1918), (Treti., 
1930; Council, 1930), Pres, (for mall), Exc^so 
Products Corn., 180/ Elmwood Ave., and 29 
Oakland FI., Buffalo, N. Y, 


FAUST, Frank H.* (7 1930), Engr., Air Cond. 
Dept, (for mail), General Electric Co., 1 River 
Rd., and 114 Union St., Schnectady, N. Y. 

FAY, Francis G. (M 1925), Raisler Heating Co., 
129-31 Amsterdam Ave., New York, N. Y. 

FEBREY, Ernest J. (M 1903). Htg. and Air 
Cond. (for mail), 616 New York Ave. N.W., and 
2331 Cathedral Ave., Washington, D. C. 

FEEHAN, John B. (M 1923), Pres, and Treas. (for 
mail), John B. Feehan, Inc., 471 Union St., 
Lynn, and 4 Ocean View Dr., Marblehead, Mass. 

FEELY, Frank J. (A 1029), 17215 Greenlawn, 
Detroit, Mich, 

FEGLEY, Donald R. (7 1935; 5 1933), 2274 
Loring PL, New York, N. Y. 

FEHLIG, John B. (M 1918), Pres, (for mail). 
Excelsior Htg. Supply Co., 528 Delaware St., and 
2927 Brooklyn Ave., Kansas City, Mo. 

FELDMAN, A. M.’t* (Ufe Member; M 1903), 
Consulting Engr., 40 West 77th St., New York, 


N. Y. 

FELS, Arthur B. (M 1019). The Fels Co., 42 
Union St,, Portland, Maine. 

FELTWELL, Robert H. (M 1005), Htg. Engr., 
U. S. Radiator Corp., 2321 Fourth St. N.E., and 
(for mail), 1.370 Oak St. N.W., Washington, D. C. 

FENNER, N. Paul (A 1928), Hoffman Specialty 
Co.. 500 Fifth Ave., Room 3324, New York, N. Y. 

FENSTERMAKER, Sidney E. (M 1909), Pres, 
(for mail), S. E. Fenstermaker & Co., 937 
Architects and Builders Bldg., and 3102 Washing- 
ton Blvd., Indianapolis, Ind. 

FERGUSON, Ralph R. (M 1934; A 1927; 7 1925). 
Mgr. Trade Dept., American Blower Corp., 401 
Broadway, New York, N. Y., and (for mail), 
160 Prospect St., East Orange, N. J . 

FERNALD, Henry B., Jr. (7 1935: 6’ 1933), 145 
Lorraine Ave., Upper Montclair, N. J. 

FERRERO, Henry J. (7 1935; .V 1933), 1738 
Adams St., New York, N. Y. 

FIEDLER, Harry William (M 1923), Pres, (for 
mail), Air Conditioning Utilities, Inc., 489 Fifth 
Ave., New York, and 49 Palmer Ave., Scarsdale, 
N. Y, 

FIFE, George D. (A 1931; 7 1929), ICngr., Air 
Cond., National Broadcasting Co., 30 Rocke- 
feller Plaza, and (for mail), 102 East 22nd $t., 
New York, N. Y, 

FILKINS, Harry L, (A 1932), Vice-Pres., City Ice 
Co. of Kan$a.s City, 21st and Campbell Sta., and 
(for mail), 34 East f>5 Terrace, Kansas City, Mo. 

FILLO, Frank B. (A '1934), Minneapolia-lloney- 
well Regulator Co., 2831 Olive St., St, Louis, Mo. 

FIN AN, James J. {M 1923), Supervising Engr., 
Board of Education, City of Chicago, 228 N. 
LaSalle St., Builders Bldg,, and (for mail), 
7149 Euclid Ave., Chicago, flL 

FINCH, Stanley B. (A 1931), Industrial Engr.. 
Brooklyn Union Caa Co., 180 Remsen St., 
Brooklyn, N. Y. 

FIRESTONE, James F. (A 1925; 7 1914), Exec. 
Vice-Pres., Round Oak Furnace Co., and (for 
mail), 203 Orchard St., Dowagiac, Mich. 

FITI'S, Charles D. (M 1920), Mgr. (for mail). 
American Radiator Co., 692 Prior Ave., St. Paul, 
and 2807 Dean Blvd., Minneapolia, Minn.* 

FITI’S, Joseph €. (M 1930), Secy.. Heating, 
Piping and Air Conditioning Contractors 
National Aaan., 1260 Sixth Ave., New York* 
N. Y., and (for mail), 216 Kenilworth Rd., 
Ridgewood, N. J. 

FITZGERALD, Matthew J. (M 1934), Treat,, 
Standard Asbestew Mfg. Co., 820 W. Lake St., 
and (for mail), 7314 Harvard Ave., Chicago, IlL 

FITZSIMONS, J. Patrick <7 1934; S 1982), The 
Robert FiUaimona Co„ Ltd., 21 Rebecca St., 
Hamilton, Ont.. Canada. 

FLANAGAN, Edward T. U 1929), C. A. Dunham 
Co., Ltd., 1139 Bay St., Toronto, Ont., Canada. 

FLARSHEIM, Clarence A. (7 1933}, Mgr.» Air 
Cond. Dept., Stewart Warner-Aiemite ' Co., 
2426 McGee St*, and (for mail), 3720 Holmes 
St.. Kansas City, Mo. 

FLEISHER, Waiter L.*^ (M 1914), Conmilting 
Engr. (for mail), U West 42nd New York, 
and Mill Fam, New City, N. Y. 
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FLEMING, James P. (M 1923), Engr.- Custodian, 
Board of Education, 5045 N. Kimball Ave., 
Chicago, III. 

FLINK, Carl H. (M 1923), Director of Research 
(for mail), American Gas Products Corp., 408 
East 111th St., New York, and 74 Brookside 
Ave., Mt. Vernon, N. Y. 

FLINT, Coll T. (M 1919), N.E. Sales Mgr. (for 
mail). The H. B. Smith Co., 640 Main St., 
Cambridge, and 56 Brantwood Rd., Arlington, 

IVIq-ss 

FLOYD, Morris (M 1933), Mgr., Air Cond. Div., 
Edwards Mfg. Co., Cincinnati, Ohio. 

FOGARTY, Orville A. (M 1934), Mgr., Oil 
Burner Div,, Canadian Fairbanks-Morse Co., 
Ltd., 980 St. Antonie St., and (for mail), 2178 
Old Orchard Ave., Montreal, Que., Canada. 

FONDA, Bayard P. (M 1934), Air Cond. Engr. 
(for mail), Bryant Heater Co., 17825 St. Clair 
Ave., Cleveland, atid 2905 Hampton Rd., 
Shaker Heights, Ohio. 

FORFAR, Donald M. (M 1917), Mech. Engr. (for 
mail), Grinnell Co., 240 Seventh Ave. S., and 
4817 Emerson Ave. S,, Minneapolis, Minn. 

FORSBERG, William (M 1919), Hopson & 
Chapin Mfg. Co., 231 State St., New London, 
Conn. 

FORSYTH, Arthur T. (A 1934), Dist. Repr., 
Buffalo Forge Co., 2434 First Ave. S., Seattle, 
Wash. 

FOSTER, Charles (M 1923), Consulting Engr. 
(for mail), 508 Sellwood Bldg., and 2831 E. 
First St., Duluth, Minn. 

FOSTER, James M. (M 1930; A 1920), Factory 
Repr, (for mail), 4526 Olive St., St. Louis, and 
7021 Lindell Ave., University City, Mo. 

FOSTER, Tillman R. (J 1930), Carrier Engrg. 
Corp., 180 N. Michigan Ave.^ Chicago, 111. 

FOULDS, P. A. L. (M 191G), Mech. Engr. (for 
mail), Office of Hollis French, Consulting Engr., 
210 South St., Boston, and 72 Whitin Ave., 
Point of Pines, Revere, Mass. 

FOULDS, Samuel T. N. (J 1930), Sales Engr., 
Power Eciuipment Co., 701 Tremont St., Boston, 
and (for mml), 72 Whitin Ave., Revere, Mass. 

FOWLES, Harry H. (J 1934). Heating Engr., 
Carman-Thompson Co., 12-14 Lincoln St., 
Lewiston, and (for mail), Y. M. C. A., Auburn, 
Maine. 

FOX, Otto (M 1931), Chief Engr. (for mail), 
Bryant Heater Co., 17825 vSt. Clair Ave., Cleve- 
land, and 1819 Fannington Rd,, East Cleveland, 
Ohio. 

FRAMPTON, Alfred C. (S 1934), 729}^ Wilson, 
Norman, Okla. 

FRANK, John M. (M 1918: A 1912), Ilg Elec. 
Vtg. Co., 2850 N. Crawford Ave., Cjhicago, 111. 

FRANK, 6live li,* (M 1010), Pres, (for mail). 
Frank Engrg. Co., U Park PL, atid 600 West 
114th St., New York, N. Y. 

1?RANKBL, Gilbert S. (M 1920), Mgr., Federal 
ik Marine Dept, (for mail), Buffalo Forge Co., 
403 Commercial National Bank Bldg., and 2749 
Macomb St. N.W„ Washington, D. C. 

FRANKLIN, Ralph S. (M 1919), Pres-Treas. (for 
mail), Albert B. Franklin, Inc,, 38 Chauncy St., 
Boston, and 320 Grove St., Melrose, Maas. 

FREAS, Royal Bruce (M 1928), Pres, (for mail), 
Freas Thermo Electric Co., 1206 S. Grove St., 
Irvington, N. J., and 4 West 43rd St., New York, 
N. Y. 

FREEMAN, Alton M. (A 1929), Sales Engr., 
6088 Plankittgton Bldg., and (for mail), 4633 N. 
Bartlett Ave., Milwaukee, Wis. 

FREITAG, Frederic G. (M 1932), Consulting 
Engr, (for mail), Sylvestre Oil Co., 709 S. 
Columbus Ave,, and 9 Harrison St„ Mt. Vernon, 
N. Y, 

FRENCH, Donald (M 1926), Vice-Pres. (for 
mail), (Carrier Corp., 860 Frelinghuysen Ave., 
Newark, and 46 Waldron Ave,, Summit, N. J. 

FREY, GoorfteO, (/ 1934), Elec. Engr. (for msdl), 
Warner Bros. Theatres, Inc., 321 West 44th St., 
New York, and 221 Linden Blvd., Brooklyn, 
N, Y, 


FRIEDMAN, Ferdinand J. (M 1921). McDougall 
& Friedman, 31 Union Square, New York, N. Y., 
and (for mail), 1221 Osborne St., Montreal, 
Que., Canada. 

FRIEDMAN, Milton (S 1933), 470 West End 
Ave., New York, N. Y. 

FRITZ, Charles V. (S 1933), P. O. Box 303. 
Carnegie Institute of Technology, Pittsburgh, 
Pa. 

FRITZBERG, L, Hilding (/ 1931), Engr. (for 
mail), B. F. Sturtevant Co., and 1338 River St., 
Hyde Park, Boston, Mass. 

FUKUI, Kunitaro (M 192G), Oriental Carrier 
Engrg. Co., Ltd., Osaka Mitsui Bldg., Nakano- 
shima, Osaka, Japan. 

G 


GABY, Frederick A. (M 1926), Chief Engr. (for 
mail), Hydro-Electric Power Commission of 
Ontario, 190 University Ave., and 480 Spadina 
Rd., Toronto, Ont., Canada. 

GALLIGAN, Andrew B. (M 1921), 716 South 
51st St,, Philadelphia, Pa. 

GALLOWAY, James F. (S 1934), 176 Clarkson 
Ave., Brooklyn, N. Y. 

GAMMILL, Oscar E., Jr. (J 1930), Sales Engr. 
(for mail). Carrier Engrg, Corp., 1416 Hibernia 
Bank Bldg., and 2133 Calhoun St., New Orleans, 
La. 

GANT, H. P.* (M 1915), (^Presidential Member) ^ 
(Pres., 1923; 1st Vice-Pres.. 1922; 2nd Vice- 
Pres., 1921; Council, 1918-1924), Vice-Pres. (for 
mail). Carrier Engrg. Corp., 12 South 12th St., 
and Penn Athletic Club, Philadelphia, Pa. 

GARDNER, S. Franklin (Jf 1911), Pres, (for 
mail), Standard Engrg. Co., 2129 Eye St. N.W., 
and 4901 Hillbrook Lane, Washington, D. C. 

GARDNER, William, Jr. (A 1921), Vice-Pres. 
(for mail), Garden City Fan Co., 1842 McCor- 
mick Bldg., and 7836 Loomis Blvd., Chicago. 111. 

GARNEAU, L6o (7 1930), Sales Engr., Room 743 
Dominion Square Bldg., and (for mail), 8464 
Brouages St., Montreal, P. Q., Canada. 

GAULT, GeorjJe W. (S 1934), Marysville. Pa. 

GAUSMAN, Carl E. (M 1923), Mech. Engr., 
1100 Minnesota Bldg., and (for mail), 236() 
Chilcombe Ave., St. Paul, Minn. 

GAUTESEN, Alf (7 1935; 5 1933), 1039-79th St., 
Brooklyn, N. Y. 

GAWTHROP, Fred H. {M 1919), Pres., Gawthrop 
& Bro. Co., 705 Orange St., and (for mail), 2211 
Shallcross Ave., Wilmington, Del. 

GAY, Lewis M. (A 1934), Power Engr. (for mail), 
Texas Power & Light Co., Box 902, Dallas, and 
724 (Griffith Ave., Terrell, Texas. 

GAYLOR, William S. (M 1919), Consulting 
Engr., Flameklng Co., Inc., 2159 Madison Ave., 
New York, and (for mail), 42 Mayhew Ave., 
Larchmont, N. Y. 

GAYLORD, F. H. (M 1921), Western Sales Mgr. 
(for mail), Hoffman Specialty Co., Inc., 130 N. 
Wells St., Chicago, and 362 N. York St, Elm- 
hurst, 111. 


GEIGER, Irvin H. (M 1919), Reg. Prof. Engr. and 
Mfrs. Repr., Room 319 Telegraph Bldg., Har- 
risburg, Pa. 

GEISSBUHLER. John O, {S 1934), University 
Circle, and (for mail), 9820 Zimmer Ave., 
Cleveland, Ohio. 


GELB, Amiel (S 1936), 1042 Irving Ave. N., 
Minneapolis, Minn, 


GENCHl, Bernard (7 1935; S 1933), 8808-15th 
Ave., Brooklyn, N. Y. 


GERMAIN. Oscar {M 1935), Germain Frere, 
Ltd., 1843 Blvd, St. Louis, Three Rivers, Que., 
Canada. 


GBRRISH, GrenviUe B. (7 1930), Mgr.. Fltz- 
gibbona Boiler Co„ Inc., .80 Boylston St., Boston, 
and (for mail), 1 Overlook Rd., Melrose, Mass. 

GERRISH, Harry E. (M 1910), (Council. 1919), 
Vice-lTea. (for mail), Morgan-Gerrish Co., 807 
Essex Bldg,, and 4584 Fremont St, Minneapolis, 
Minn. 
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GESMER, Joseph (J 1935; 5 1933). Student 
Engr., B. F. Sturtevant Co., Hyde Park, and (for 
mail), 41 Beacon St., Quincy, Mass. 

GETSGHOW, George M. (Ai 1906), Pres, and 
Treas. (for mail), Phillips Getschow Co., 32 W. 
Austin Ave., and 4542 Beacon St., Chicago, 111. 

GETSCHOW, Roy M. (Ai 1019), Secy, (for mad), 
Phillips Getschow Co., 32 W. Austin Ave., and 
1336 Arthur Ave., Chicago, HI. 

GIANNINI, Albert A. (J 1935; 5 1933), 64 West 
17Gth St.. New York. N. Y. 

GIBBS, Edward W. (A/ 1919), (for mail), Smith- 
Gibbs Co., 201 S. Main St., and 234 President 
Ave., Providence, R. 1. 

GIBBS, Frank C. (Ai 1921), Gen. Supt. (for mail). 
National Regulator Co., 2301 ICno.K Ave., 
Chicago, and 150 N. Cuyler Ave., Oak Park, 111, 

GIESEGKE, Frederick (M 1913), (Council, 
1932-1934), Director, Texas Engrg. Experiment 
Station, Agricultural and Mechanical College of 
Texas, College Station, Te.xas. 

GIFFORD, Clarence A. (A 1934), Salesman, 
American Radiator Co., 374 Delaware Ave., and 
(for mail), 247 North Dr., Buffalo, N. Y, 

GIFFORD, Robert L. (M 1908), Pres., Illinois 
Engrg. Co., 21st St. and Racine Ave., Chicago, 
111., and (for mail), 1231 S. El Molino Ave.. 
Pasadena, Calif. 

GIGUERE, George H. (M 1920), Mech. Engr., 
800 Marquette Bldg., and (for mail), 17205 
Fairport Ave., Detroit, Mich. 

GILES, Alfred F. (J 1934), H. H. Robertson Co.. 
2000 Grant Bldg., and (for mail), 4307 Ludwick 
St., Pittsburgh, Pa. 

GILFRIN, George F. (A/ 1932), Gen. Repr. (for 
mail), Carrier- Brunswick-International, Inc., 
Apartado 03, Bis and Paseo de la Reforma 120, 
Lomas de Chapultepcc, Me.'cico, D. F. 

GILL, John W, (S 1935), 2120 Carter Ave., 
St, Paul, Minn. 

GILLE, Hadar B. (M 1930), Skoldungagatan 4, 
Stockholm, vSweden. 

GILLETT, M. C. (M 1916), Engr., 6600 Rising 
Sun Ave., Philadelphia, Pa. 

GILLHAM, Walter E. (A^ 1917), (Treas., 1920- 
1929; Council, 192(1-1929), Consulting Engr. (for 
mail), 314 Inter-State Bldg., and 3427 Bellcfon- 
taine Ave., Kansas City, Mo. 

GILLING, William F., Jr. (IJ/e Memi;er; M 1933; 
A 1919), Asst. Mgr., American Radiator Co., 
127 Federal St., Boston, and (for mail), 29 
Abbott Rd., Wellesley Hills, Muss. 

GILMAN, Franklin W. {M 1935), Plant Engr* 
(for mail), Atwater Kent Mfg. Co., 4700 wTa- 
sahickon Ave., and 514 W, (Joulter St., Phila- 
delphia, Pa. 

GILMORE, Louis A. (J 1935; vS 1930), Vice-Pres. 
(for mail), John Gilmore & Co., 13 North 10th 
St., and 6186 Weatmin.ster PL, St. Louis, Mo. 

GILMOUR, Alan B. (A 1932), Salesman, H. K. 
Gilmour Co., Inc,, 152“41at St., and (for mail), 
416 Ocean Ave,, Brooklyn, N. Y. 

GINI, Aldo (M 1933), via Correggio 18, Milano, 
Italy. 

GIVIN, Albert W. (A 1925), The Gurney Foundry 
Co., Ltd., P. O. Box 1149, Montreal, P. Q., 
Canada. 

GLANZ, Edward (A 1930), Pres, (for mail), 
Glanz & Killian Co., 17H W. Forrest Ave., and 
3865 Lakewcx)d Ave., Detn)it, Mich. 

CJLASS, William (A7 1934), Mgr. (for mail). 
Partridge- Halli day, Ltd., 144 Lombard St„ 
Winnipeg, and 190 Braemar Ave., Norwood, 
Manitoba, Canada. 

GLASSEY, J, Wilbur (M 1922), Partner (for 
mail), Vapor Kngrj. Co., 10 South 18th St., 
Philadelphia, and 7818 Ardleigh St., Chestnut 
Hill, Phfladelphia, Pa. 

GLEASON, Gilbert H, (Af 1923), Partner (for 
mail), Gilbert Howe Gleason & Co., 25 Hunt- 
ington Ave, Boston, and 10 Mgehill Rd., 
Winchester, Mass. 

GLORE, Evlxis Fore© (A 1916). Pres., Svina F, 
Glore Sales Corp., 1949 Grand Central Termitml, 
and (for mail), 644 .Riverside Dr., New York, 
N. Y. 


GOELZ, Arnold H. (A/ 1931), Pres, (for mail), 
ICrooschell Engrg. Co., 2306 N. Knox Ave., 
Chicago, and 827 Greenw’ood Ave., Wilmette, 111. 

GOENAGA, Rojler C. (M 1931), Tech. Director 
(for mail), Ateliers Ventil., 109 Cours Gambctta, 
Lyon, and 33 Avenue Valioud, Ste Foy-les-lyon, 
Rhone, PYance. 

GOERG, B. (Ai 1928), (for mail), American 
Radiator Co., 075 Bronx River Rd., Yonkers, 
and 294 Bionxville Rd., Bronxville, N. V. 

GOLDBERG, Moses (A 1034), Pi'es., Electric 
Motors Corp., 168 Centre St., New York, and 
(for mail), 13(1 E. Seventh St., Brooklyn, N. Y. 

GOLDSCHMIDT, Otto E. (Af 191.')). Consulting 
Engr. (for mail), 110 West tOth St., and 345 
East 57th St., New York, N. Y. 

GOMBERS, Henry B. {Lift' Member; A 1901), 
Secy. Emeritus, Heating, Piping and Air Con- 
ditioning Contractors National Assn., 1250 Sixth 
Ave., New York City .Assn., 1945 Grand Central 
Terminal Bldg., New York, N. Y., and (for mail), 
160 Halsted St., East Orange N. J. 

GOODRICH, Charles F. (A/ 1919), Andrews & 
Goodrich, Inc., Boston, and (for mail), 336 
Adams St., Dorchester, Ma.ss. 

GOODWIN, Samuel L. (A7 1924), Consulting 
Engr,, 247 Madison Ave., na.sbrouck Heights, 
N. J. 

GOODWIN, Walter C. {M 1933), Div, Engr.. Air 
Cond. Equip. Div. (for mail), Supply Engrg. 
Dept., Westinghouse Elec. ik. Mfg, Co., East 
Pittsburgh, and 6032 Alarie St., Pittsburgh, Pa. 

GORDON, Edward B., Jr. {M 1908), Pres., 
Pillsbury Engrg. Co.. 1200 Second Ave,, and (for 
mail), 2451) West 24th St., Minneapolis, Minn. 

GORDON, Peter B. (J 1935), Engr. (for mail), 
George E. Gibson Co., 441 Le.xington Ave., New 
York, N. Y., and 35 Park Ave., Bloomfield, N. T. 

GORDON, William J., Jr. (6’ 1935), 2208 Oliver 
Ave. S., Minneapolis, Minn. 

GORNSTON, Michael 11, (.4 1923), Stationary 
Engr. (for mail), 430 Dumont Ave., Brooklyn, 
and 8504 Woodhaveu Blvd,, Wtiodhaven, N. 

GOSSErr, Earl J. {M 1923), Pres, (for mail). 
Bell & Gossett Co., 3000 Wallace St., Chicago, 
and 314 Woodland Ave., Winnetka, III. 

GO'FrWALD, C. (A 1916), Pres, (ftn mail), The 
Ric-wiL Co., Union Trust Bldg., Cleveland, and 
2225 Stillman Rd., Cleveland Heights, Ohio. 

GOULDING, William (A 1933). Engrg. Dept., 
National Broadcasting Co., Radio City, New 
York, and (for mail), 409 I£ast 17th St., Brook- 
lyn, N. Y. 

GRAHAM, Charles H. (Al 1934), Sales Engr., 
Lenno.\ Furnace Co., Inc., Syracuse, and (Tor 
mail), 93 Lake St., Hamburg, N, Y, 

GRAHAM, William D, CM 1929: A 1926; J 1923), 
Dist. Mgr. (for mail), Carrier Kngrg. Corp., 890 
Union Trust Bldg., Cleveland, Ohio, 

GRAHN, Victor F, {M 1927), Htg. and Vtg. 
Engr., Tenney & Ohmes, Inc., 101 Park Ave., 
New York, N. Y., and (for mail), 120 Greenwood 
Ave., East Orange, N, J» 

CRANSTON. Ray O. (/ 1935; 5 1930), Engr., 
Unlv. Plbg. & Htg. Co., 3939 Univerafty Way, 
and (for mail), 4668 Fourth Ave, N,E,, battle, 
Wash. 

GRANT, Walter A. (A 1933; / 1929), Develop- 
ment Engr., Carrier Engrg. Corp., 750 Fre- 
Unghuyaen Ave., Nevmrk, and (for mail), 1120 
Anna St.. Elizabeth, N. J. 

GRAVES, Willard B, (Life Mmbar; M 1000), 
Prea. (for mail), W. B. Graves Htg, Co„ 102 N, 
Desplainea St„ CWcago, HI. 

GRAY, Earle W. (A 1934), Commercial Oept„ In 
Charge ^ Air Cond. Sales (for mail), Oklahoma 
Gas \ Elec. Co.. Box 1498, and 2125 N.W., 
18th, Oklahoma City, Okla. 

C. A. Dunham Co., 

Ltd., 404 PfLsa Bldg,, Ottawa, Ont., Canada, 

GRAY, William E, (M 1022), Sales En^.^ 
Powers Regulator Co., 2720 Gre^vlew Avei, 
CWcag^ C ' Box 204 , High 
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GREEN, Joseph J- (A 1933), Mfrs, Repr., Joseph 
J. Green Co,, Buffalo, and (for mail), 32S W. 
Girard Blvd., Kenmore, N. Y. 

GREEN, William C. {Life Member; M 1906), 
Dist. Mgr. (for mail), Warren Webster & Co., 
704 Race St., and 244 Erkenbrecher Ave. 
(Avondale), Cincinnati, Ohio. 

GREENBURG, Dr. Leonard" (M 1932), Acting 
Health Officer (for mail). New Haven Dept, of 
Health, City I-Iall, 161 Church St., and 519 
George St., New Haven, Conn. 

GREENLAND, Sidney F. {M 1934), Htg. and 
Vtg. Engr,, Gee, Walker & Slater, Ltd., 32 St. 
James St., London, S.W. 1, and (for mail), 71 
Arodeiie Rd., Brixton, London S.W. 2, England. 
GREER, Willis R. (J 1934), Air Cond. Engr., 
Arkansas Power & Light Co., and (for mail), 

' 1401 Linden St., Pine Bluff, Ark. 

GRIFFIN, DeWitt C. (M 1933), Secy-Treas. (for 
mail), IMay & Griffin, Inc., 501 OrDlieum Bldg., 
and 9717-47th S.W., Seattle, Wash. 

GRIFFIN, John J. (M 1921; A 1918), Vice-Pres. 
and Dir. (for mail), Mutual Bank and Trus.t Co., 
716 Locust St., and 3S52 Castlcman Ave., St. 
Louis. Mo. 

GROSECLOSE, John B. (A 1929), Engr., 
Estimator, Dixie Htg. & Vtg. Co., 109 Fannin 
St., and (for mail), 3424 University Blvd., 
I'louston, Texas. 

GROSS, Lyman C. (M 1931), Consulting Engr. 

4653--13th Ave. S., Minneapolis, Minn. 
GROSSMAN, Harry E. (A 1033; J 1927), Sales 
Repr., Haynes Selling Co., Inc., 1518 Fairmount 
Ave., Pliilacielphia, and (for mail), 405 Custer 
Ave., Glenoldcn, Pa. 

GROSSMANN, Harry A. {M 1931), H. A. 
Grosaniann Co., 3221 Olive St., and (for mail), 
3122 Gcyer Ave., St. Louis, Mo. 

GUNTHER, Felix A.’i^ (M 1925), .Sales liiigr. (for 
mail), 429-B Oliver Bldg., and Box 226 R. D. 0, 
S. Hills Branch, Pittsburgh, Pa. 

GURNEY, Edward Holt (M 1929), (Council, 
1931"1934), Pres, (for mail), Gurney Foundry 
Co., Lt(l., 4 Junction Rd., and 347 Walmer Rd., 
Toronto, Ont., Canada. 

H 

HAAS, Emil, Jr. (J 1929), vSecy-Treas. (for mail), 
Nat kin & Co,, 2020 Wyandotte, and Newbern 
Hotel, Kansas City, Mo. 

HAAS, Ssimuel L. (M 1923), Pres, (for mail), 

. AdvEincc Heating Co., 117-19 N. Desplaincs St., 
and 15 13 Fargo Ave., Chicago, III. 

IIAATVED'r, Sheldon R. (N 1935), 315~10th 
Ave. S.IC., Mlnncapolla, Minn. 

HAGKKIT. H. Berkeley (ilf 1921). 901 Architects 
HUlg., 17th and Sansom Sts., Philadelphia, Pa. 
HADDOCK, Isaac T; (A 1926), New England Gaa 
ik Elec. Assn., 719 Massachusetts Ave., Cam- 
bridge, Mass. 

HADEN, G. Nelson (M 1934; A 1928; / 1922), 
Director (for mail), G. N. Haden & .Sons, Ltd., 
Lincoln House, 60 Kingsway, London W. C. 2, 
and 36 Wildwood Rd., Hampstead Heath, 
London N.W. IL England. 

HADEN, WiUiam Nelson {Life Mmber; M 1902), 
Late Chairman, G. N. Haden & Sons, Ltd., St. 
Georges Works, and (for mail), Arnolds Hill, 
Trowbridge, Wilt, England. 

HADESTY. Alfred L., Jr. (M 1921), 130 E. 

Broad St., Tainaqua, Pa. 

HADJISKY, Joseph N, (M 1930), Consulting 
Kngr., 744 Bates St., Birmingham, Mich. 
HAGAN, William V- (A 1933; J 1926), Secy, (for 
mall), 506 Pearl St., and 1811 Jones St., Sioux 
City, Iowa. 

HAGEDON, Qhades H, (M 1919), S. E. Fenater* 
maker ^ Co., 939 Archltecti dt Builders Bldg., 
Indiaimpolis, Ind. 

HAIGNEY, John B. (J 1935; S 1938), 8621 Shore 
Ed., Brooklyn, FL Y. 

liAlNBlSb John J. (M 1915). Pre®. (for mail), The 
Hainei Co„ 1933 W. Lake St., Chicago, and 
82a*lTth Ave., Maywood, HI. 


HAJEK, William J. (M 1932), Br. Mgr. (for mail), 
Minneapolis-Honeywell Regulator Co., 285 Co- 
lumbus Ave., and 333 Beacon St., Boston, Mass. 

HAKES, Leon M. (M 1932; A 1932; J 1929), vSales 
Engr. (for mail), The R. T. Coe Co., 400 Rey- 
nolds Arcade Bldg., and 71 Stratmore Dr.- 
Greece, Rochester, N. Y. 

HALE, John F. (M 1902), (Fresidenltal Member), 
(Pres., 1913; 1st Vice-Pres.. 1912; Board of 
Governors, 1908-1910, 1912-1913), Dist. Mgr. 
(for mail), Aerofin Corp., Ill W. Washington St., 
Rm. 10.58, Chicago, and 408 S. Braiiiard .\ve., 
LaGrange, 111. 

HALEY, Harry {M 1914), Consulting Engr., 
Partner (for mail), Leland & Haley, .58 Sutter St., 
and 73o--21st Ave., San Francisco, Calif, 

HALL, John R. (J 1932), Mech. Engr., U. S. Air 
Cond. Corp,, 2101 N.E, Kennedy St., and (for 
mail), 1416 Lakeview Ave., Minneapolis, Minn. 

HALL, Mora S. (M 1934), Combustion Engr, (for 
mail). May Oil Burner Corp., Maryland and 
Oliver St., Baltimore, and Route No. 3, West- 
minster, Md. 

HAMBURGER, Fred G. (J 1935; 5 1933). 185 
West 102nd St., New York, N. Y. 

HAMENT, Louis (A 1933), Mgr. (for mail), Aqu- 
atic Chemical Sr Metallurgical Engrs., 118 East 
2Sth St., and 568 East 166th St.. New York, N.Y. 

HAMERSKI, Francis D. (J 1934), 626 E. Fifth 
St., Winona, Minn. 

HAMILTON, James E. (A 1933), Mgr, (for mail), 
U. S. Radiator Corp., 4004 Duncan Ave., St. 
Louis, and 7715 Shirley Dr., Clayton, Mo. 

HAMLIN, Ghauncey J., Jr. (A 1934), Hamlin 
Air Conditioning Co., and (for mail), 1014 
Delaware Ave., Buffalo, N. Y. 

HAMLIN, Harry A. (A 1916), Br. Mgr. (for mall), 
Johnson Service Co., 427 Brainard St., Detroit, 
and 120 Winona, Highland Park, Mich. 

HANLEY, Edward V. (A 1933), Pres, (for mail), 
S. V. Hanley Co., 1653 N. Farwell Ave,, Milwau- 
kee, and 844 E. Birch Ave., Whitefish Bay, Wis. 

HANLEY, Thomas F., Jr. (M 1933), Pres, (for 
mail), Hanley & Co., 1503 S. Michigan. Ave., and 
41)40 East End Ave., Chicago. III. 

HANSEN, Carl J. (J 1935; S 1933), 273 Sheffield 
Rcl., Lansciowne, Fa. 

HANSEN, Charles C. (M 1928), Engr., 428 
Prospect Sta., South Orange, N. J. 

HANSON, Leslie P. {J 1935; S 1933). Engr., U. S. 
Air Cond. Corp., and (for mail), 4336-46th Ave, 
S., Minneapolis, Minn. 

HARDING, Louis A,* {M 1911), (Presidential 
Member), (Pres., 1930; Lst Vice-Pres., 1929; 
2nd Vice-Pres., 1928; Council. 1922-1931), Pres, 
(for mail), L. A, Harding Construction Corp., 
Prudential Bldg., and 86 Cleveland Ave., Buffalo, 
N. Y. 

HARE, W. Almon (M 1930), Pres., Hare Stoker 
Corp., 4853 Rivard St., Detroit, Mich. 

HARMS, William T * (M 1917), 1015 Vipewood 
Ave., Detroit, Mich. 

HARRIGAN, Edward M. (M 1915), (for mail), 
.Harrigan Sc Reid Co„ 1366 Bagley Ave., and 
7450 Labile Blvd., Detroit, Mich. 

HARRINGTON, Gharlea (M 1923), 43 Indian 
Grove, Toronto, Ont, Canada, 

HARRINGTON^ Elliott D.* (M 1932; A 1930). 
Engr, (for mail), Air Cond. Dept., Commercial 
Engrg, Div,, (general Electric Co., 1 River Rd., 
and 1580 Wendell Ave,, Schenectady, N. Y. 

HARRIS, Jess© B. (M 1918). Pres, (for mail), 
Rose & Harris Eng., Inc,, 416 Essex Bldg., and 
8620 Colfax Ave. S., Minneapolis, Minn. 

HART-BAKER, Henry W. (M 1918), Director 
(for mail), Merritt, Ltd., 8 French Bund, and 
87 Rte Rene Delastre, Shanghai, China. 

HART, Harry M.* (M 1912), (Fresidenim 
Member), (^es., 1916; lat Vke-Pres., 1915; 
Council, 1W4-1917), Pres, (for mail), L. H. 
Prentice Co., 1048 Van Buren St., and 6409 

^ Winthrop Ave., Chicago, III. 

HARTMAN, Fred Stewart (A 1933), Dist Mgr., 
Industrial Dept, (for mail) , General Electric Co., 
670 Lexington Ave., New York, N. Y., and 168 
Montclair Ave., Montclair, N. J. 


19 



American Society of Heating and Ventilating Engineers Guide, 1935 


HARTMAN, John M. (M 1927), Engr. (for mail). 
Kewanee Boiler Corp., and 719 Henry St., 
Kewanee. III. 

HARTWEIN, Charles E. (M 1933). Supervisor. 
House Htg. Dept., St. Louis County Gas Co., 
231 W. Lockwood, Webster Groves, and (for 
mail), 6271 Magnolia Ave., St. Louis, Mo. 

HARTWELL, Joseph C. (M 1922), (for mail), 
Hartwell Co., Inc., 87 Weybosset St., and 10 
Freeman Pkwy., Providence, R. I. 

HARVEY, Alexander D. (A 1928; J 1925). Nash 
Engrg. Co., South Norwalk, Conn. 

HARVEY, Lyle C. (M 1928), Vice-Pres. (for mail). 
Bryant Heater & Mfg. Co.. 17825 St. Clair Ave., 
and 3388 Glencarin Rd., Cleveland, Ohio. 

HASHAGEN, John B. (M 1930), 121 Manhattan 
Ave., Jersey City, N. J. 

HASLETT, Henry M. (5 1935), 950 Lombard 
Ave., St. Paul, Minn. 

HATEAU, William M. (J 1934), Draftsman and 
Student, Sherron Metallic Corp., 1201 Flushing 
Ave., Brooklyn, and (for mail), 1530 Sheridan 
Ave., New York, N. Y. 

HATTIS, Robert E. (M 1926), Consulting Engr. 
(for mail), ISO N. Michigan Ave., and 4251 N. 
Mozart St., Chicago, 111. 

HAUAN, Merlin J. (M 1933), Consulting Engr., 
3412-16th S., Seattle, Wash, 

HAUPT, Howard F. (A 1929), 614 E, Beaumont 
Ave., Milwaukee, Wis. 

HAUSS, Charles F.* (Charier Member; Life 
Member), Via Gioberti No. 2, Milano, Italy, 

HAYDEN, Carl F. (A 1930), Br. Mgr. (for mail), 
Barber-Colraan Co., 221 N. LaSalle St., Chicago, 
and 2227 Ewing Ave., Evanston, HI. 

HAYES, James J. (M 1920), Sales Engr. (for 
mail), Stannard Power Equipment Co., 53 W. 
Jackson Blvd., Room 925, and 7443 Jeffery Ave., 
Chicago, III. 

HAYES, John J. (A 1933), Auburn Stoker Sales 
Corp., 406 N. Wells St., Chicago, and (for mail), 
918 Michigan Ave,, Evanston, 111. 

HAYES, Joseph G. (M 1908), Pres, and Engr. 
(for mail), Hayes Bros., Inc., 236 W. Vermont 
bt., and 2840 N. Capitol Ave., Indianapolis, Ind. 
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HERKIMER, Herbert (M 1934\, Director ffor 
mail), Herkimer Inst, of Refrigeration, 1819 
Broadway, and 25 Central Park West, New 
York, N. Y. 
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HERTY, Frank B. (M 1933), House Htg. vSup- 
ervisor, Brooklyn Union Gas Co., 180 Remsen 
St., and (for mail), 50 East 18th St., Brooklyn, 
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HINRICHSEN, A. F. {M 1928), Pros-Treas. (for 
mail), A. F. Hinrichsen, Inc., 50 Church St., 
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HITCHCOCK, Paul C. (M 1931), Partner (for 
mail), Burlingame & Hitchcock, Consulting 
Engrs., 526 Sexton Bldg., and 4039 Girard Ave, 
S., Minneapolis, Minn. 
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Bo.x 671, Dayton, Ohio. 

HUMPHREY, Dwight E.* (M 1921), Htg. and 
Vtg. Engr., Goodyear Tire & Rubber Co., 1144 
E. Market St., Akron, and (for mail), 2499 Sixth 
St., Cuyahoga P'alls, Ohio. 

HUMPHREYS, Clark M. (i/ 1931), Asst. Prof, of 
Mech. Engr. (for mail), Carnegie Institute of 
Technology, Schenley Park, and 1934 Remington 
Dr., Pittsburgh, Pa. 

HUNGER, Robert F. (M 1927), Associate Dist. 
Mgr. (for mail), Buffalo Forge Co., 703 Cunard 
Bldg., and 4618 Chester Ave., Philadelphia, Pa, 

HUNGERFORD, Leo (M 1930), Pres, (for mail), 
Pacific Elec. & Mech. Co., Inc., 524 Loew’s State 
Bldg., and 105 N. Berendo St., Los Angeles, 
Calif. 

HUNT, Noel P. (iU 1934), Managing Dir. (for 
mail), Carrier Australasia, Ltd., 56 Hunter St., 
and 52 Lung Rcl., Centennial Park., Sydney, 
N.S.W., Australia. 

HUNZIKER, Chester E. (A 1934), Br. Mgr. (for 
mail), American Blower Corp., 331 State St., 
Sclienectady, and 422 Reynolds St., Scotia, N. Y. 

HUSKY, S. 'r, (S 1934), 710 Monnett St., Nor- 
man, Okla. 

HUST, Carl E. (A! 1932), Htg. Engr. (for mail), 
The Union Gas & Elec. Co., Room 1008, Fourth 
and Main Sts., and Hillcrest Apts., 15 Mason St., 
Cincinnati, Oliio. 

HUSTOEL, Arnold M. (A 1030), 2623 N. Ballou 
St., Chicago, III. 

HirrCHINS, William IL (M 1034). Chief Engr., 
Delco Appliance Div., General Motors Corp., 
and (for mail), 88 Magee St., Rochester, N. Y. 

HUTZEL, Hugo F. {M 1918), Mgr., Erskine 
Radiator Div, (for mail), Chase Brass &: Copper 
Co., Inc., and 72 Hewlett St., Waterbury, Conn. 

HVOSLEF, Fredrik W. (M 1931; A 1921), Htg. 
Research Engr. (for mail), Kohler Co,, and 523 
Audubon Rd., Kohler, Wia. 

HYDE, Lawrence L, {J 1934), Gen. Mgr., M. J. 
O'Neil, and (for mail), 54 S. Cretin St., St. Paul, 
Minn. 

HYMAN, Wallace M. (M 1920), Pres, (for mail), 
Reis & O'Donovan, Inc., 12 West 2l8t St., and 
23 West 73rd St., New York, N. V. 

HYNES, Lee P,*^ (M 1910), (for mall), 240 Cherry 
St,, Philadelphia, Pa., and Haddonneld, N. J, 

I 

ICKERINGILL, J. C. CM 192.3), Engr., Spencer 
Heater Co., 2504 N. Broad St., and (tor mail), 
235 Rector St., Philadelphia, Pa. 

INGALLS, Frederick D. B. (M 1906), Consulting 
Engr., 1 Hopkins St., Reading, Mass. 

INGELS, Margaret* (M 1923; J 1918), Mech. 
Engr. (for mail), Carrier Engrg. Corp., 850 
BVeiinghuysen Ave., Newark, and Hotel East 
Orange, ItEist Orange. N. J. 

INGOLTd, John W. (7 1935; S 1938), 3038 Perry- 
villc Ave. N.S., Pittsburgh, Pa. 

INNIS, Helen R* (M 1921; J 1918), Urgent. 
W. Va. 

I8SERTELL, Henry G.* (M 1913; A 1912). 
Consulting Engr., 31 Park Terrace W„ New 
York, N. Y, 


J 

JACKSON, Alton B. (M 1932), 15 Herrick St., 
Winchester, Mass. 

JACKSON, Charles H. (M 1923), Vice-Pres. (for 
mail), Blower Application Co., 918 N. Fourth St., 
and 2706 N. Farwell Ave., Milwaukee, Wis, 

JACKSON, Marshall S. (M 1919), Repr. (for 
mail), Powers Regulator Co.. 250 Delaware Ave., 
and lOS Larchmont Rd., Buffala, N. Y. 

JACOBUS, Dr. David S (Lifj Memlm-; M 1916), 
The Babcock & Wilcox Co., 85 Liberty St., 
New York, N. Y. 

JALONACK, Irwin G. (A 1933; N 1930), Kngrg. 
Mgr. (for mail), c/o A. L. Hart, 82 Railroad Ave., 
and 15 South St., Patchogue, N. Y. 

JAMES, Hamilton R. (A/ 1031), .Service Equip. 
Engr,, United Engineers & Constructors, Inc., 
1401 Arch St., Philadelphia, and (for mail), 55 
W. Drexcl Ave., Lansdowne, Pa. 

JAMES, John W + (J 1933). 2223 Grand Blvd., 
Schenectady, N. Y. 

JANET, Harry L. (A/ 1920), Engi. (ftir mail), 
Carrier Engrg. Corp., Chrysler HUlg., New York, 
and 688 Decatur St., Brooklyn, N. Y. 

JARDINE, Douglas C. (Ai 1929; .4 1926), Pres, 
(for main, Jardinc & Knight Plbg. N Htg. ('o., 
312 N. Custer Ave., and 1512 K, Platte Ave., 
Colorado Springs, Colo. 

JARRATT, Paul R. (.4 1931), 117 Fifth Ave. N., 
Nashville, Tenn. 

JELLETT, Stewart A.* (Hanorayy Mymbn 1929), 
{Charter Member; Presidential Member), (Pres., 
1805; Hoard of Algrs., 1896-1899; vSecy., 1898),' 
426 W. Ellet St., Germantown, Pliihulelphia, Pa. 

JENNEY, Uu;ih B. (.1 1933). S;\les Mgr., Domi- 
nion Radiator & Boiler Co., Ltd., Royce and 
Lansdowne Avos., Toronto, Out., Ckmuda. 

JENNINGS, Irving C. UVI 1924), Pres, (for mail). 
Nash Engrg. Co., and 138 Flax Hill Rd., South 
Norwalk, Conn. 

JENNINGS, Warren G. (A 1930), Minueapolis- 
Honcywell Regulator Co., 43 E. Ohio St., 
Chicago, ill. 

JENNINS, Henry H. {Life Member; M 1901), 
15 Grange View, Chapeltovvn Rd., Leeds, 
England. 

JENSON, Jean S. (A/ 1912), Consulting Engr. (for 
mail), Neiler-Rich & Co., 431 S. Dtmrborn St., 
and 1634 West 106th St., Chicago, lit. 

JEFERTINGER, Richard [A 1934), Gen. 
Mgr. and Engr. (for mail), Syncromatic Air 
Cond, Corp,, 1317 N. Third St., and 1628 W. 
Vienna St., Milwaukee, Wis. 

JOHN, Victor P. {M 1931). 136 Berryman Dr., 
Snyder, N. Y. 

JOHNS, Harold B.* (M 1928; J 1927), (for mail), 
Peoples Gas Co., 122 S. Michigan Ave., Chicago, 
and 5-13 N. Elmwood Ave., Oak Park, 111. 

JOHNSON, Carl W. {M 1912). Pres, (for mail), 
C. W. Johnson Co., lnc„ 211 N. Despluines St., 
and 1809 Morse Ave., Chicago, 111. 

JOHNSON, Clarence W, (M 1933: A 1933; 
J 1931), Br, Mgr. (for mail), Canadian Sirocco 
Co., Ltd., 030 Dorchester St, W., and 333 
Dresden Ave., Mt. Royal, Montreal, P. Q*. 
Canada, 

JOHNSON, Edward B, (M 1919). Sales Engr., 
Staten Island Supply Co., and (for mail), 154 
Wardwell Ave., VV, New Brighton, N. V. 

JOHNSON, Edftar E. (M 1926). Sales Engr. (for 
mall). Buffalo Forge Co., 490 Broadway, and 103 
University Ave., Buffalo, N. Y. 

JOHNSON, HeMe S. (A 1933; J 1927), Buffalo 
Forge Co., 414 Standard Bldg., Albany, N. Y, 

JOHNSON, Leslie 0. (J 1930), c/o Y.M.C.A,, 
White Plains, N, Y. 

JOHNSON, Louis H. (M 1981). 918 LaSalle Av@„ 
Minneapolis, Minn, 

JOHNSTON, Buto 0, (A 1984), Contractor, 
Heating & Sanitary S®rvice, Box 142, Wellington 
Ont., Canada. 

JOHNSTON, J* Ambler (M 1912). Partner (fer 
mall), Cameal Johnston « Wrttnt. 806 Mecim 
Bldg., Richmond, Va, 
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JOHNSTON, Robert Elliott (M 1929; A 1926), 
3342-33rd Ave. W., Vancouver, B. C., Canada. 

JOHNSTON, William H. {M 1924), 306 East 
26th St., New York, N. Y. 

JONES, Alfred (M 1928), Chief Consulting Engr. 
(for mail), Armstrong Cork Co., P. O. Box 540, 
402 President Ave., Lancaster, Pa. 

JONES, Alfred L. {M 1026), Plbg. and Htg. 
Contractors (for mail), 21 Church St., Green- 
wich, and Box 121, Riverside, Conn. 

JONES, Bernard G. (M 1928), Mgr. (for mail). 
Acme Fan & Blower Co., Ltd., 868 Arlington St., 
and 542 Raglan Rd., Winnipeg, Man., Canada. 

JONES, Charles R. (A 1928), Jones Supply Co., 
Siloam Springs, Ark. 

JONES, Edwin (iW 1933; J 1924), Box 582, Tulsa. 
Okla. 

JONES, Edwin A. (ill 1919), Chief Engr. (for 
mail), L. J. Mueller Furnace Co., 2001 W. 
Oklahoma, and 4065 N. Prospect, Milwaukee, 
Wis. 

JONES, Edwin F. {M 1923), Consulting Engr., 
420 New York Bldg., and (for mail), 220 Mont- 
rose PL, St. Paul, Minn. 

JONES, Harold L. (M 1920), Asst. Supt. (for 
mail), W. W. Farrier Co., 44 Montgomery St., 
Jersey City, and 11 Cambridge Rd., Glen Ridge, 

N. J. 

JONES, Noel W. (/ 1935; 1933), 1315 East 28tli 

St., Minneapolis, Minn. 

JONES, Raymond E. (M 1919), Asst. Supervisor, 
Fuel Oil Sales, Gulf Refining Co., 1515 Locust 
St., Philadelphia, Pa., and (for mail5, 39 West 
End Ave., Haddonfield, N. J. 

JONES, William T. (K 1915), {Presidential 
Membn), (Pres., 1933; 1st Vice- Pres., 1932; 2nd 
Vice-Pres., 1931; Council, 1925-1934), Treas., 
Barnes & Jones, 128 Brookside Ave., Jamaica 
Plain, and (for mail), 1886 Beacon St., Waban, 
Mass. 

JORDAN, Lebert E. (A 1934), Engr. (for mail), 
MinneupoUvS Air Conditioner Co., 1609 Hennepin 
Ave., and 122 Arthur Ave., S.E., Minneapolis, 
Minn. 

JORDAN, Richard C. (/ 1935; A’ 1933), Air Cond. 
Engr., CJentral Supply Co., 312 S. Third St., and 
(for mail), 2518 Grand Ave. S., Minneapolis, 
Minn. 


JOYOE, Harry B. {M 1922), Consulting Engr. (for 
mail), 810 Commerce Bldg., and 601 Liberty St., 
Erie, Pa. 

JUNG, John S. (M 1930; A 1923), Heating 
Contractor (for mail), 2409 W, Greenfield Ave., 
and 1510 S. Layton lilvd,. Milwaukee, Wis. 

JUTrrNER, Otto J. {M 1916), Pres, (for mail). 
Tuttner Htg. Co., 814 N. Milwaukee St., and 910 
E. Wells St., Milwaukee, Wis. 


ICAGEY, I. B., Jr> (/■l929), Air Cond. Engr., 
Metropolitan Life Insurance Co., 1 Madison 
Ave., New York, N. Y. 

KAHAN, Charles {J 1936; S 193S), 6 Marie Ave., 
Cambridge, Mass, _ . 

ICALINSICY, Alex G, (S 1934), 13706 Durkce 
Ave., Cleveland, Ohio. 

KAMMAN, Arnold R* (A 1926; J 1921), ^(^for 
mall), Park S. Hedley Co., 304 Curtiss Bldg., 
Buffalo, and Wanakah, Erie Co., N. Y, 

KAMFIStH, Nick S, (S 1934), 214 E. Lincoln 

^ Ave., Roselle Park. N. J, ^ ^ ’ 

KAJPPfeL, Gaorfte A. (M 1921), Pres, and 
Treas. (for mail), Camden Heating Co., OTson 
Blvd. and Walo^orf Ave., Camden, and 347 W. 
Kinji Highway, Haddonfield, N. J. 

KAKGES, Louis (J 1935; S 1933), 606 E. Pearl 
St., Butler, Pa. 

KARtsON, Alfred F. (M 1918), Chief Engr. <for 
meil), Parke-Cramer Co., 970 Main St., Fitch, 
burg, and 186 Prospect St., North Leominster, 
Mass. 

KARTORIB, V. T. (J 1986) 1933), Gmduate 

Asst, in Mech. Engr.,^ Ca^ ^ool ^ AppUed 
Science, and (for mail), 2982 l^st 102nd St., 
Cleveland, Ohio. 


KASTNER, George G. (/ 1935; 5 1033), Sales 
Engr., Schwerin Air Cond. Corp., 2303 Grand 
Concourse, and (for mail), 654 East 226th St., 
New York, N. Y. 

KAUFMAN, William M. (J 1935; S' 1933), 2875 
Sedgwick Ave., New York, N. Y. 

KEEFE, Edmund T. {M 1931), 75 Pitts St„ 
Boston, Mass. 

KEENEY, Frank P. (A 1915), Pres., Keeney 
Publishing Co., 6 N. Michigan Ave., Chicago, 111. 

KEHM, Horace Stevens (M 1928), Pres, (for 
mail), Kehm Bros. Co., 51 E. Grand Ave., and 
5510 Sheridan Rd., Chicago, 111. 

KELBLE, Frank R. (M 1928), Vice-Pres. and 
Mgr. (for mail), Hufiman-Wolfe Co. of Phila- 
delphia, 11 W. Ritteiihouse St., Philadelphia, and 
115 Roslyn Ave., Glenside, Pa. 

KELL, Waldo R. (A 1934), Sales Engr. (for mail), 
The Marley Co., 1915 Walnut St., and 113 East 
69th Terrace, Kansas City, Mo. 

KELLEY, James J. (A 1924), Vice-Pres. and Gen. 
Mgr. (for mail), Arthur H. Ballard, Inc., 535 
Commonwealth Ave., Boston, and 142 Gover- 
nors Ave., Medford, Mass. 

KELLNER, Day C. {S 1933), (for mail). Carnegie 
Institute of Technology, Pittsburgh, Pa., and 
Cuba City, Wis. 

KELLOGG, Alfred {M 1916), (Council, 1920- 
1921, 1923-1924), Consulting Engr. (for mail), 
585 Boylston St., Boston, and 6 Hawthorne St., 
Belmont, Mass. 

KELLY, Charles J. (M 1931), New York Repr., 
Jas. P. Marsh Corp., 551 Fifth Ave,, New York, 
and (for mail), 162 Fairview Ave., Jersey City, 

N. J. 

KELLY, Hugh (M 1927), Mgr. (for mail), H. 
Kelly & Co., Ltd., 10041-101 A Ave,, and 
10236-124th St., Edmonton, Alberta, Canada. 

KELLY, John G. (A 1919), 374 Park Ave., 
Yonkers, N. Y. 

KENDALL, Edwin H. (A 1932; J 1930), 309 
West 12th St., Los Angeles, Calif. 

KENNEDY, Maron {J 1930), Sales Engr. (for 
mail), York Ice Machinery Corp., 5051 Santa Fe 
Ave., and 2637 Bronson Ave., Los Angeles, Calif. 

KENNEDY, Owen A. {S 1933), Carnegie Institute 
of Teclinology, Pittsburgh, Pa. 

KENNEDY, Paul V. {S 1934), 105 Avon St., 
New Haven, Conn., and (for mail), 4915 Forbes 
St., Pittsburgh, Fa. 

KENT, J. King (J 1928), Pres, (for mail), J. King 
Kent & Co., Inc., 6327 Clayton Ave., and 5041 
Waterman, St. Louis, Mo. 

KENT, Laurence F. (A 1927; J 1924), Pres, (for 
mail), Moncrief Furnace Co., P. O. Box 1673, 
Atlanta, and R. F. D. No. 2, Smyrna, Ga. 

KENWARD, Stanley B. (J 1935; 5 1933), 45 
Fifth Ave.. Bay Shore, N. Y. 

KEPLER, Donald A. (S 1934), Gibbs & Cox, Inc., 
11 Broadway, New York, N. Y., and (for mail), 
30 Maplewood Ave., Maplewood, N. J. 

KEPLINGER, William L. (M 192^, Special 
Repr. (for mail), Carrier Engrg. Corp., 408 
Chrysler Bldg., New York, and 103 Sunset Dr„ 
Hempstead, L. I., N. Y. 

KEPPNER, Harry W, (U 1930), (for mail), 
H, W. Keppner, 1310 South 66th Ave., and 1245 
S. Austin Blvd., Cicero, III. 

KERN, Raymond T. (M 1927), Chief Engr,. 
Jennison Co., Fitchburg, and (for mail), 61 
Claflin St., Leominster, Mass. 

KERSHAW, Melville O. (M 1932; A 1926; 
J 1921), Vtg. and Air Cond. Engr. (for mail), 
E. 1. Du Pont de Nemours & Co., Wilmington, 
Del., and 7313 North 21st St., Philadelphia, Pa, 

KEYES, Robert E. {M 1913), Chief Engr., The 
Cooling & Air Conditioning Corp., 24 Damon St., 
Hyde ^rk, Boston, Mass. 

KEYS, Lee Fads (S 1934), Asst. Air Cond. Engr., 
Metropolitan Life Insurance Co., 1 Madison 
Ave., New York, N. Y., and (for mail), Route 1, 
Box 866, Phoenix, Aria. 
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KIGZALES, Maurice D- (M 1935), Assoc. Mech. 
Engr., U. S. Army Motion Picture Sei-vice, 
State, War and Navy Bldg., and (for maiD. 
3000 Connecticut Ave. N.W., Washington, D. C. 
KIEFER, Carl J. (M 1922), Consulting Engr. (for 
mail), 918 Schmidt Bldg., and 984 Lennox PL, 


KOTTCAMP, Horace A. (M 1915), Gen. Mgr. 
(for mail), Kottcamp Construction Co., 147 N. 
Second St., and 527 Philadelphia Ave., Chambers- 
burg. Pa. 

KOZU, Tamiichro (M 1930), No. 1701 Yonchome, 
Shimoochai, Yodobashiku, Tokyo, Japan. 


Cincinnati, Ohio. 

KIEFER, E, J., Jr. (A 1932; J 1928), Treas. and 
Gen. Mgr. (for mail), H. C. Archibald Co., S S. 
Sixth St., and lOS N. Sixth St., Stroudsburg, Pa. 

KIESLING, Justin A. (M 1930), Pres, (for mail), 
Robischung-Kiesling, Inc., 4848 Main St., P. O. 
Box 1295, and 1806 Holman Ave., Houston, 
Texas. 

KILNER, John S. (M 1929), Owner (for mail). 
Kilner Co., 427 Stormfeltz-Lovcley Bldg., and 
1091 Seminole Ave., Detroit, Mich. 

KIMBALL, Charles W. (M 1915), Richard D. 
Kimball Co., 6 Beacon St., Boston, Mass, 

KIMBALL, Dwight D.* {M 1908). {Presidential 
Member), (Pres., 1915; 2nd Vice-Pres., 1914; 
Board of Governors, 1912-191G), Consulting 
Engr. (for mail), 205 East 42nd St., and 307 East 
44th St., New York. N. Y. 

KING, Roy L. (J 1935; 5 1933), 2538 Clinton 
Ave. S., Minneapolis, Minn. 

KIPE, J. Morgan {M 1919), 801 Homestead Ave., 
Beechwood, Del. Co., Pa. 

KIRK, Charles D. (M 1909), Mgr. (for mail)* 
Chas. D. Kirk Co., Sargent & Colleen, and 774 
McMillan Ave., Winnipeg, Man., Canada. 

KIRKPATRICK, Arthur H- (7 1931), Hg 
Electric Vtg. Co., 415 Brainard St., and (for 
mail), Webster Hall Hotel, Detroit, Mich. 

KITAURA, Shigeyuki {M 1918). 191 Shimo- 
ohsaki, near Tokyo, Japan. 

KITCHELL, Herbert N. (A 1926), 4528 Circle 
Ave., Cincinnati, Ohio. 

KITCHEN, Francis A. (A 1927; J 1923), Pres, 
(for mail), American Warming & Ventilating Co., 
1514 Prospect Ave., and 1711 Kenyon Rd., 
Cleveland, Ohio. 

KITCHEN, John H, {M 1900), Owner (for mail), 
John H. Kitchen Co., 1016 Baltimore Ave., and 
5015 Westwood Terrace, Kansas City, Mo. 

KLEIN, Albert {M 1920), Managing Director (for 
mail), Carrier Lufttechnische Gescllschaft m b H, 
Stuttgart, Archivstrasse 14/10, and Stuttgart, 
Panoramastrasse 23, Germany. 

KLEIN, Edward W. (M 1917), S. E. Dist. Mgr. 
(for mail), Warren Webster & Co., 162 Nassau 
St. N.W., and 450 Peachtree Battle Ave,, 
Atlanta, Ga. 

KLIE, Walter {M 1915), Pres, (for mail), The 
Smith & Oby Co., 0107 Carnegie Ave., Cleveland, 
and 18411 S. Woodland Ave., Shaker Heights, 
Ohio, 


KNIBB, Alfred E. (M 1930), Htg. Engr, (for mail). 
1003 Maryland Ave., and 9333 E. Jefferson Ave., 
Detroit, Mich, 

KNOPF, Charles (7 1935; S 1933), 1201 Liberty 
Ave., Brooklyn, N, Y. 

KNOX, James R. (ikT 1930), Htg. Engr., c/o 
Carmichael, 93 Arbroath Rd„ Dundee, Scotland. 
KNUDTSON, Carl M. {S 1935), 2410 Cromwell 
Dr., Minneapolis, Minn. 

KOCH, Harry O. (ilf 1916), 212 Centre St., 
Tamaqua, Pa. 

KOHLER, Walter J., Jr. (A 1933), Htg. Sales 
Superviser (for mail), Kohler Co., and 606 W. 
Park Lane, Kohler, Wis. 

KOLINSKY, Max D, {S 1936), 418 Concord St., 
St. Paul, Minn. 


KONZO, Solchi* (7 1032), Special Research 
Associate, Engrg. Experiment Station, University 
of Illinois, 214 Mech. Engr. Lab., and (for mail), 
1108 W. Stoughton St., Urbana, 111. 

KOOISTRA, John F. (M 1933), Engr. (for mail), 
Carrier Engrg. Corp,, 748 E. Washington, and 
6063 Roy St„ Los Angeles, Calif. 

KORN, Charles B. (M 1922), Member of Firm, 
Reber«Korn Co,, 817 Cumberland St., and (for 
■mall), 1022 S. Eighth St., Allentown, Pa. 


KRAMIG, Robert E., Jr. (A 1933), Vice-Pres. 
and Treas. (for mail), R. E. Kramig & Co., 222 
East 14th St., Cincinnati, and 51 Central 
Terrace, Wyoming, Ohio. 

KRATZ, Alonzo P.’*' (M 1925), Research Prof, 
(for mail). Dept, of Mech. Engrg., University of 
Illinois, and 1003 Douglas Ave., Urbana, 111. 

KREISSL, Hans George (M 1925), Mgr. “Vento” 
Dept, (for mail), American Radiator Co., 816 
S. Michigan Ave., Chicago, and 408 Lee St., 
Evanston, 111. 

KRIEBEL, Arthur E. (Af 1920), Sales Engr. (for 
mail), Haynes Selling Co., 1518 Fairmount Ave., 
Philadelphia, and Berwyn, Chester Co., Pa. 

KRUEGER, James I. {M 1021), Mfrs. Repr. (for 
mail), 357 Ninth St., and 1020 Sacramento St., 
San Francisco, Calif. 

KRUSE, Robert W. (A 1930), Kruse Co., 353 
West 10th PL, Indianapolis, Ind. 

KUEHN, Walter C. (A 1933), Kuehn Htg. & Vtg. 
Co., 915 Seventh Ave. S., Minneapolis, Minn. 

KUEMPEL, Leon L. (7 1929), 3836 Vincent Ave. 
S., Minneapolis, Minn. 

KUHLMANN, Rudolf (M 1928), 122 East 42nd 
St, New York, N. Y. 

KUNS, Joseph W. (S 1935). 2110 Hawthorne 
Ave., Minneapolis, Minn. 

KWAN, I. K. (iU 1933), Gen. Mgr., China Engrg. 
Co., 30 Brenan Rd., Shanghai, China. 

KYLBERG, V. C. (A 1934), 607 Ridgewood Rd.. 
Maplewood, N. J. 

L 


LAGODZINSKI, H. J. (.4 14)27; 7 14)20), 3628 
N. Tripp Ave,, Chicago, 111. 

LAND AUER, Leo L. (7 1932), Mech. Engr. (for 
mail), Kribs 3: Landauer, Consulting ICngrs., 
807 S. W. Life Bldg., and 5707 Velasco St., 
Dallas, Texas. 

LANDERS, John J. (M 1930; A 1924: 7 1024), 
Sales Engr. (for mail), Pacific Steel Holler Corp., 
303 Crosby Bldg., Buffalo, and Seneca St., 
Ebenezer, N. Y. 

LANE, D. Dufly (M 1934), Supervisor, The 
Servicing Corp. of New York, 161-19 Jamaica 
Ave., Jamaica, and (for mail), 30-33*-86th St., 
Jackson Heights, N, Y. 

LANGE, Fred F. (A 1934), Engr. (for mail), 
Mechanical Service Co., (Hi Northwestern Bank 
Bldg., and 5252-28th Ave. 8., Minneapolis, Minn. 

LANGENBERG, E, B. (M 1914), (Council, 1926- 
1931), Pres, (for mall), Langenberg Heating Co., 
3800 W. Pine Blvd., and 6031 Enr^ht, St. Louis, 
Mo. 

LANNING, E, K. (A 1927), Warren Webster & 
Co., Camden, N. J. 

LAN6u, j. Ernest CM 1931), Mgr. (for mall), 
F. S. Lanou & Son, 90 St. Paul St., and 48 Brookes 
Ave., Burlington, Vt. 

LARSON, Gmtm U* (M 1923), (2nd Vice-Pres., 
1934; (Council, 1929-1934), Prof., Steam and 
Engrg,, and Chairman of Dept* of Mech, Engrg., 
Unmeraity of Wisconsin, Madison, Wis. 

LftSAJLViA, James J, (M 1930), Air Cond. Engr., 


LaSALVlA, James J, (ikf 1930), Air Cond. Engr., 
Frigidairc Corp, and ^or mail), Commodore 
Apts., 522 Grand Ave,, Dayton, Ohio. 

LAUTENSGHLAGER, Fred (M 1915), Vice- 
Pres-Treaa. (Offices fooeschell Boiler Co.*) 8253 
Kedxie Ave., Chicago (factories), 100 Reii^ert 
Ct., Racine, Wis,, and (for mail), 8846 Alta 
Vista Terrace, Chicago, III. 

LAWLER, Matthew M, <7 1980), Resident Mgr. 
(for mail), Kitchen Engrg, Co„ Inc,* 111 w. 
Washington St., and 6900 N, Ashland Blvd., 
Chicago, III. 

LAWTON, Frank C* (M 1928), 146 Buena Vista 
Ave., Hawthorne, N. J. 
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LEDNUM, J. Maynard (M 1934), Engr., Silica 
Gel Corp., Baltimore Trust Bldg., and (for mail), 
4203 Linkwood Rd., Baltimore, Md. 

LEEK, Walter (M 1903), Managing Director (for 
mail), Leek & Co., Ltd., Htg. Engrs., 1111 
Homer St., and 4769 W, Second Ave., Vancouver, 
B. C., Canada. 

LEES, Herbert K. (M 1924; J 1912), (for mail), 
548 Washington Blvd., and 5855 N. Kenneth 
Ave., Chicago, 111. 

LEES, John T. {J 1935; 5 1933), 1218 N. New St., 
Bethlehem, Pa., and (for mail), 60 Boylston St., 
Cambridge, Mass. 

LEFFINGWELL, Robert R. (J 1935; S 1933), 
2747 Sedgwick Ave., New York, N. Y. 

LEGLER, Frederick W. (A 1933), Mgr., Retail 
Sales (for mail), Waterman-Waterbury Co., 1121 
Jackson St. N.E., and 2919 Johnson St. N.E., 
Minneapolis, Minn. 

LEIGH, Robert L. (J 1935; 5 1933), 1034 Cadillac 
Dr., errand Rapids, Mich. 

LEILICH, Roger L. (li 1922), Pres, (for mail), 
Baltimore Heat Corp., 2000 W. Pratt St., and 
2810 Elsinor Ave., Baltimore, Md. 

LEINROTH, J. Paul {M 1929), Gen. Industrial 
Fuel Repr. (for mail), Public Service Electric & 
Gas Co., SO Park PL, Newark, and 37 The 
P'airway, Montclair, N. J. 

LEITGH, Arthur S. (M 1908), Pres, and Manag- 
ing Director (for mail). The Arthur S. Leitch Co., 
Ltd., 1123 Bay St., and 421 Russell Hill Rd., 
Toronto, Ont., Canada. 

LELAND, Warren B. {M 1029), Sales Engr., The 
H. B. Smith Co., Westfield, and 34 Leyfred 
Terrace, and (for mail), P. 0. Box 1522, Spring- 
field, Mass. 

LELAND, William E. (M 1915), Partner (for 
mail), Leland & Haley, 58 Sutter St., San 
Francisco, and 704 The Alameda, Berkeley, 
Calif, 

LENNON, Joseph O. {M 1929), Mgr. (for mail), 
llg Electric Vtg. Co., 15 Park RQ^v, and 180 
West noth St., New York, N. Y, 

LEONARD, J. H. (M 1031), Mgr. (for mail), J. H, 
Leonard Co., 508 Scott Bldg., and 844 Grosvenor 
Ave., Winnipeg, Man., Canada. 

LEOPOLD, Charles S. (Ai 1934), 213 S. Broad 
St., Philadelphia, Pa. 

LESLIE, Donald E. (7 1935; 5’ 1933), 3541 
Bloomington Ave., Minneapolis}, Minn. 

LEOPOLD, Herbert W. (J 1933), Engr., Metro- 
politan Life Insurance Co., 1 Madison Ave., New 
York, and (for mail), 35-15-14(ith St,. Flushing, 
N. Y. 


LEVY, Marion 1. (7 1931), Sjilea Mgr. and C. 
Engr. (for mail), Air Controls, Inc., Div. of 
Cleveland Heater Cg., 1960 West 114th St., and 
1273 West 108th St., Cleveland, Ohio. 

LEWIS, Carroll E. {M 1930), Pres, (for mail), 
Lewis Air t'onditioners, Inc., 829 Second Ave. S., 
Minneapolis, and 1454 Clielmaford St., St. Paul, 
Minn. 

LEWIS, Georfte C. (M 1919), Vice-Prea. and 
Treaa. (for mail), American Htg. & Vtg. Co„ 
1505 Race St., Philadelphia, and 812 Summit 
Grove Ave., Bryn Mawr, I*a. 

LEWIS* John G. {M 1926), 412 East Slst St., 
Kansas City, Mo. 

LEWIS, L. Loftan*^ (M 1918), Secy, (for mail), 
Carrier Engrg. Corp.. 850 Frelinghuyaen Ave., 
Newark, and 724 Carlton Ave., Plainfield, N. J. 

LEWIS, Samuel R,* (Jkf 1905), (Prrndrnm 
Member) i (Pres., 1914; 2nd Vice-Pres., 1910; 
Board of Governors, l909-1910.X912j Council, 
1914^1915), Consulting Engr, (for mail), 407 
S. Dearborn St, and 4737 Kimbark Ave., 
Chicago, III, 

LEWIS, Thornton’^* {M 1919L (Presideniial 
M&mher), (Pres,, 1929; 1st Vice-Pres., 1928; 2nd 
Vice-Pres., 1927; Council, 1923-1930), Executive 
Vice-Prea. (for mail), Carrier Engrg. C^orp., 850 
Frelinghuyaen Ave., Newark, and 4 Halsey FL, 
South Orange, N. J. 


LIBBY, Ralph S. (J 1933), Canadian Sumner 
Iron Works, Ltd. (Stoker Division), 560 Vernon 
Dr., and (for mail), 575 East 50th Ave., Van- 
couver, B. C., Canada. 

LICHTY, Charles P. {M 1920), Pres, (for mail), 
C. P. Lichty Engrg. Co., Inc., 400)^ South 21st 
St., and 125 Windsor Dr., Birmingham, Ala. 

LINDBERG, Arthur F. (7 1935; .S 1933), Supt., 
U. S. Dept, of Interior, and (for mail), 1484 Van 
Buren St., St. Paul, Minn. 

LINN, Homer R. (M 1914), Engr., Western Exec. 
Office, American Radiator Co., 816 S. Michigan 
Ave., Chicago, and (for mail), 321 S. Ashland 
Ave., La Grange, 111. 

LINTON, Jolin P. (M 1927), Managing Director 
(for mail). The Garth Co., 50 Craig St. W., and 
247 Brock Ave. N., Montreal, West, Canada. 

LIVINGSTON, Bernard B. (M 1927), Gas Engr. 
(for mail), Dept, of Public Utilities, Box 976, and 
1630 Monument Ave., Richmond, Va. 

LLOYD, Edward G. {M 1927). (for mail), Arm- 
strong Cork & Insulation Co., and 429 W. 
Walnut St., Lancaster, Pa. 

LOCKHART, Harold A. (7 1935), Engr. (for 
mail), Bell & Gossett Co., 3000 Wallace St., and 
7906 S. Carpenter St., Chicago, 111. 

LOEFFLER, Frank X. (Af 1914), Pres, (for mail), 
Frank Loeffier Supply Co., 710 N. Hudson St., 
and 320 West 26th St., Oklahoma City, Okla. 

LOEFFLER, Louis, Jr. (5 1934), 1815 W. Ninth 
St., Oklahoma City, Okla. 

LOFTE, John Allen (7 1935; S 1933), (for mail), 
Carnegie Institute of Technology, Pittsburgh, 
Pa., and Mondovi, Wis. 

LOH, Nan-Shee (M 1933; A 1931; 7 1927), 
House 42, Lane 88, Connaught Rd., Shanghai, 
China. 

LONG, David Raymond (M 1927), Pres., 
Tagcraft Corp., 142 S. Christian St., and (for 
mail), 150 School Lane,. Lancaster, Pa. 

LONGCOY, Grant B. (M 1933), Maintainance 
Engr., Cleveland Board of Education, and (for 
mail), 1402 Wyandotte Ave., Lakewood, Ohio. 

LOO, Ping Yok {M 1933), Gen. Mgr. (for mail), 
China Engrg. Co., No. 35-36 Chung Ling Feng 
Hsin Cilia Kow, Chung San Rd., Nanking, and 
271-273 Dumbarton Rd., Tientsin, China. 

LOVE, Clarence H. (M 1919), Mfrs. Agent., Nash 
Engrg. Co., 317 Chamber of Commerce, and (for 
mail), 289 Norwalk Ave., Buffalo, N. Y. 

LOWE, Howard H. (7 1935; S 1932), 1800 Fourth 
St. S.K., Minneapolis, Minn. 

LOWNSBERY, Benjamin F. (M 1920), Htg. 
Engr., Benjamin F. Shaw Co., P. O. Box 953, and 
(for mail), 21 S. Sycamore, St., Wilmington, Del. 

LOWY, M. R. (7 1935; S 1933), 2305 Loring PL, 
New York, N. Y. 

LUCK, Alexander W.* {Life Member; M 1919), 
Pres, and Gen. Mgr. (for mail), Reading Heater 
& Supply Co., Church and Woodward Sts., 
Reading and Reiffton, Pa. 

LUCKE, Charles E. (M 1924), Consulting Engr., 
Babcock & Wilcox Co., 85 Liberty St., and 
Stevens Prof, of Mech. Engrg. (for mail), 
Columbia University, Physics Bldg., and 110 
Riverside Dr., New York, N. Y. 

LUND, Clarence E. (S 1933), I^b. Asst., Uni- 
versity of Minnesota, Experimental Engrg. 
Bldg., and (for mail), 2729-lSth Ave. S., Minn- 
eapolis, Minn. 

LUPIBNT, Gerald C. (5 1935), 212 Bedford St., 
Minneapolis, Minn, 

LUTY, Donald J. (M 1933), Asst. Mgr., Air 
Cond. Div. (for mail), Gar-Wood Industries, 
Inc., 7924 Riopelle St., Detroit, and 911 Forest 
Ave., Ann Arbor, Mich. 

LUTZ, James H., Jr. (M 1928). Owner (for mail), 
140 Paxton St., and 1601 Forster St., Harrisburg, 
Pa, 

LUTZ, Walter J. (7 1935; 5 1933), 9/0 S. A. E. 
House, 4915 Forbes St., Pittsburgh, Pa. 

LYLE, Ernest T. {M 1919), Vice-Prea., Carrier 
Engrg. Corp., Room 408, Chrylser Bldg,, New 
York; N. Y. 
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LYLE, J. Irvine* (Af 1911), (Presidential Member), 
(Pres., 1917; Council, 1917-1918), Pres, (for 
mail), Carrier Corp., 850 Frelinghuysen Ave., 
Newark, and 1200 W. Seventh St,, Plainheld, 
N. J. 

LYMAN, Samuel E. (.4 1924), 850 Frelinghuysen 
Ave., Newark, and (for mail), 728 Canton St., 
Elizabeth, N. J. 

LYNCH, William L. (M 1928). Treas. & Genl. 
Mgr., (for mail), Rome Turney Radiator Co., 
and 1413 N. George St., Rome, N. Y. 

LYNN, John H. (A 193.3), charge Air Cond. 
Dept., (for mail), Texas Automatic Sprinkler 
Co., and 3431 Shenandoah St., Dallas, Texas. 

LYON, P. S. (M 1929), Commercial Engrg Div., 
Air Cond. Dept, (for mail), General Electric Co., 
570 Lexington Ave., New York, and 200 Chit- 
tenden Dr., Crcstwood, N. Y. 

LYONS, Cornelius J. (.1 19.32), Sales Engr. (for 
mail), Nash Engrg. Co., Wilson Ave., and 22 
Haviland St,, South Norwalk, Conn. 


MANAHAN, James E. (M 1934; A 1931; J 1920), 
Air Cond. Engr., Kelvinator Div. (for mail), 
Witte Hardware Co., 704 N. Third St., and 
3455a ITah Ave., St. Louis, Mo. 

MANDEVILLE, Edgar W. (M 1914), 1171 EuvSt 
37th St., Brooklyn, N. Y. 

MANN, Leo B. (J 1930), Air Cond. Engr. (tor 
mail), Carrier Engrg. Corp., 12 South 12th St., 
Pliiladelphia, and 3018 Garrett Rd., Dre.xel 
Hill. Pa. 

MANNING, Walter M. (Af 1930), litg. Engr., 
Salesman, Crane Co., 115 K. Front, St., Grand 
Island, and (for mail), P. O. Bo.x 112, Clarks, 
Nebr. 

MARINO, Dominic A. (J 1035; S 1933), 755 East 
21(Jth St., New York, N. Y. 

MARKS, Alexander A. (.4 1930). Asst. Sales Mgr. 
(for mail), Richmond Radiator tku, 2241 N. 
American St., and 063.5 AIcCallum St., Phila- 
delphia, Pa. 

MARKUSH, Emery U. (M 1931), M<‘ch Engr., 
Consulting Engr. (for mailL 225 Ea.st 2Lst St., 


M 

MACGUBBIN, Howard A. (M 1931), Pres., H. A. 
Maccubbin, Inc., 2702 Alameda Ave., Baltimore, 
Md. 

MacDADE, Ambrose H. (M 1923), Sales (for 
mail), Burnham Boiler Corp., S.E. Cor. 31st and 
Jefferson Sts., Philadelphia, Pa., and 225 Haddon 
Ave., Westmont, N. J, 

MacDONALD, Donald B. (M 1930), C. A. Dun- 
ham Co., 101 E. Walnut St., Kingston, Pa. 

MACDONALD, Everett A. LI 1933), Br. Mgr. 
ribr mail), Spencer Heater Co., 145 Broadway, 
Cambridge, and 154 Standish Rd., Watertown, 
Mass. 

MAGHEN, James T. (J 1934), Chicago Br. Mgr. 
(for mail), The Ric-wiL Co., Ill W. Monroe St., 
and 420 Diverscy Pkwy., Chicago, IIJ,. 

MacKENZlE, John J. (Ai 1925), 004 Shaw St., 
Toronto, Ont., Canada. 

MacLEOD, Kenneth F. (.4 1933), Mgr., Htg. 
Dept., Crane Co., 419 Second Ave. S., and (for 
mail), 7703 First Ave. N.E., Seattle, Wash. 

MADDUX, Oliver L. (.4 1933), Chief Engr., 
United Gas 8: Fuel Co. of Hamilton, Ltd., and 
(for mail), IS Whitten Rd., Hamilton, Ont., 
Canada. 

MADISON, Richard 1>. (M 1920), Research 
Engr. (for mail), Buffalo Forge Co., 490 Broad- 
way, and 133 Lisbon Ave., Buffalo, N. Y. 

MAEHLINO, Leon S. (M 1932), Supervisor Stiles, 
Equitable (5as Co., 427 Liberty Ave., and (for 
mail), 448 Sulgrave Rd., Pittsburgh, Pa. 

MAGINN, Peter F. )Ufe Member; M 1908), Mfrs. 
Agent, 1140 S. Negley Ave., Pittsburgh, Pa. 

M^GIRL, Willis J. (A/ 1934; A 1931: J 1927), 
Chief Engr, (for mail), P. H. McGirl houndry ik 
Furnace Works, 401-13 E, Oakland Ave., and 108 
Warner Ave., Bloomington, 111. 

MAGNEY, GottUob K. (M 1931), Pres, (for mail), 
Magney & Tusler, Inc., Archts. ana Kngra., 
10*1 S. Ninth St., and 5329 Washburn Ave. S., 
Minneapolis, Minn, 

MAHONEY, David J, (M 1930; A 1926), Br. 
Mgr. (for mail), Johnson Service Co., 503 
Fmnklin St,, and 99 Delham Ave., Buffalo, N. Y. 

MAIER, Georg© M. (M 1921), Asat. to Vice- 
Prea. and Gen. Mgr. of Mfg., American Radiator 
Co., 8007 Joa Campau, Detroit, Mich, 

MAILLARD, Albert L, (M 1934). Head of Air 
Cond, Div. (for mail), Kansas City Power & 
Light Co., 1330 Baltimore, and 3740 Washington, 
Kansas City, Mo. 

MAIMAN, Herbert (J 1935; .S 1932), 79-04*-78th 
Ave., Glendale, L. L, N. Y. 

MALLIS, William (M 1914), 330 Lyon Bldg., 
Seattle, Wash. 

MAJLONE, Dayl© G. (M 1929; A 1925), Pres., 
Petroleum Heat & Power Co., 1725 S. Michigan 
Ave., and (for mail), 7315 Merrill Ave., Chicago, 

M ALVIN, Ray C. (M 1929), Pres, (for mail), 
Malvin & May, Inc., 332 S. Michigan Ave,, and 
8211 I^ngley Ave., Chicago, 111. 


New York, and 8442~85tli Rd., Woodhaven, 
L. L, N. Y. 

MARRINER, John M. S. (M 19311, Sales ICngr., 
John Inglis & Co., Ltd., 14 Strachan Ave., and 
(for mail) HIM Balsam Ave,, Toronto, Out., 
Canada. 

MARSGHALL, Peter J. (M 1930; .4 15)30; 

J 1927), Engr., Krocschell Engrg. Co., 2.301) 
N. Knox Ave., and (for mail), 22()1 Touhy Ave., 
Chicago, 111. 

MARSHALL, H. Hall (M 1923), 37 West 4.3r(I 
St., New York, N. Y. 

MARTENIS, John V. (M 1918), Associ.ite Prof.. 
University of Minnesota, and (for mail), 4800 
Bloomington .\ve., Minneapolis, ivlinn. 

MARTIN, Albert B. (M 1917), Kewan<‘e Boiler 
Co., Inc., 18.'>S S. Western Ave., C'hieagt*. 111. 

MARTIN, George W.* (M 1911), Supervising 
ICngr, (for mail), U. S. Realty N Improvement 
Co., Ill Brou<lway, New York, N. V., ami 340 
Prospect vSt., Ridgewood, N. J. 

MARTINEZ, Juan J. (J 15>29), Pas^'u de la 
Reformu 183, Mexico, 1>, F, 

MARTTNKA, Paul 1). (.V 1934), 13703 (Tuiu- 
taugua Ave., Cleveland, Ohio, 

MARTOCELLO, Joseph A. (M 1934), Pres., 
J. A. Martocello & Co., 229 North 13th St., 
Philadelphia, Pa. 

MARTY, Edaar O. (M 1916), Pres, ami Gen. 
Mgr., Indian Hoad Anthracite, Ine., and (for 
mail), 1775 Howard Ave., Pottsville, Pa. 

MARUM, Otto (M 1931), Plant Engr., Agfa 
Amsco Corp., 29 Charles St., and (for nmil), 12 
Grand Blvd., Bingluimton, N, Y. 

MATCHETT, James C. (Aif 1923), Vice- Pres, and 
Gen. Mgr. (for mail), Illinois Engrg. C'o., 21st 
and Racine Ave., and 9936 S. Winchester Ave., 
Chicago, Uh 

MATHER, Harry H, (A 1929). Philadelphia- 
Electric Co., 1000 Chestnut St,, Philadelphia, Fa. 

MATHEY, Nicholas J. (M 1915), Mathey Plbg. 
& Htg. Co., 31 Third Ave. N.E„ I,c Mura, lowu. 

MATHIS, Euftenc* (M 1922), New York Blower 
Co., 32nd St. and Shields Ave., Armour P. O. 
Station, Chicago, 111, 

MATHIS, Henry (M 1921). The New York 
Blower Co., 32ftd and Shields Ave., and (for 
mail), 10317 Oakley Ave., Chicago, III. 

MATHIS, Julian W. (A 1021). New York Blower 
Co,, 32nd St. and Shields Ave., Chicago, III. 

MATHIS, Victor John (J 1935; S 1933), 11307 S. 
Longwood Dr., Chicago, III. 

MATTHEWS, John B. (M 19B4), Digt, Mgr., 
B. F. Sturtevant Co., 1106 Commerce Bldg,, and 
(for mail), 5642 Lydia St„ Kansas City, Mo. 

MATZENj Harry B. (M 1910), Vice-Pres. (for 
mail). Carrier Engrg. Carp., $00 Union Trust 
Bldg., Cleveland, and 8115 Cfmdbourne JW*. 
Shaker Heights, Ohio. 

MATULLO. Joseph R. (J 1935*, S 10S8), 485 
North 13th St., Newark, N. J. 
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MAUER, William J. ‘= {M 1019), Sales Mgr., Unit 
Heater Div. (for mail), C. A. Dunham Co., 450 
E. Ohio St., Chicago, and 2525 Colfax St., 
Evanston, III. 

MAUTSCH, Robert (.1 1028), Engr., Managing 
Director (for mail), Compagnie Beige Des 
Freins Westinghouse 97, Avenue Louise, -and 
Avenue des Klauwaerts 38, Brussels, Belgium. 

MAWBY, Pensyl (ii 1934), Service Engr,, 
Lehigh Navigation Coal Co., 143 Liberty St., 
New York, N. Y., and (for mail), 312 Swarth- 
more Ave., Ridley Park, Pa. 

MAXWELL, Georgte W. (J 1935; .S 1932), Supt. 
and Engr., Kenealy & Maxwell, Main St., P. O. 
Box 447, and (for mail), P. O. Box 422, Harwich 
Port, Mass. 

MAY, Clarence W, (M 1933), Pres, (for mail). 
May & Griffin, Inc., 501 Clrpheum Bldg., and 
2457 Sixth Ave. W., Seattle, Wash. 

MAY, Edward M. (il/ 1031), Combustioneer, Inc., 
1835 S. Michigan .\vc., Chicago, and (for mail), 
1022 N. Hayes Ave., Oak Park, 111. 

MAY, George Elmer (Ai 1933), Air Cond. Engr. 
(for mail), New Orleans Public Service, Inc., 
317 Baronne St., and 2031 Short St., New 
Orleans, La. 

MAY, Maxwell F. (M 1929), Secy-Treas. (for 
mail), Malvin 8c May, Inc., 332 S. Michigan 
Ave., Chicago, and Palos Park, 111. 

MAYETTR, Charles E. (A/ 1920), 1400 Floral St. 
Washington, D. C. 

MAYNARD, Herbert R. (S 1935), 1725 Wood- 
land Ave., Duluth, and (for mail), 1014 Seventh 
St. S,K., Minneapolis, Minn. 

MAYNARD, J. Earle (A-/ 1931), Chief Htg. 
Engr., Fox Furnace Co., and (for mail), Tele- 
graph Rd., Elyria, Ohio. 

McCauley, James H. (M 1921), James H. 

McCauley, Inc., 5321 West I55th St., Chicago, III. 
McClellan, James E. (A/ 1922), Mgr., Chicago 
Diat. (for mail), American Blower Corp., 228 N, 
LaSalle St., Chicago, and 8844 LaCrosse Ave., 


Niles Center, 111. 

McCLINTOOK, Alexander, Jr. (M 192Sj J 1920), 
Member of h'irm (for mail), A. McClmtock & 
Sons, 1937 Ridge Ave., and 121 Rochelle Ave., 
Wiasahickon, Philadelphia, Pa. 

McCLOUGHAN, Charles (.S’ 1934), 279 Ryerson 
St., Brooklyn, N. Y. 

McCOLL, Jay R.*^ (A4 1910), (^Presidential 
Afember), (Pres., 1922; lat Vice-Prea., 1921; 2nd 
Vicc-Pres., 1920; Council, 1929-1923), 2304 
Penobscot Bldg., Detroit, Mich, 

McCONAClHE, Lome L. (A 1928), Htg. and 
Plbg., 8817 Mack Ave., and (for mail), 1379 
Maryland Ave., Detroit, Mich. 

McCONNER, Charles R. (A 1925; / 1922), Gen. 
Sales Mgr. (for mail), Clanigc Fun Co., and 1904 
Waite Ave., Kalamazoo, Mich. 

McCORMACK, Denis (M 1933), Mgr., Air 
Cond. Instruments and Control Dept, (tor mail), 
Julien P. h'rie/. & Sons, Inc., 4 N. t'entral Ave., 
and 5924 Bdloim Ave., Baltimore, Md. 

McCOY, Thomas F. (M 1924), Mgr. (for mail), 
The Powers Regulator Co., 125 St. Botolph St., 
Boston, and Glen Rd., Wellesley Farms, Mass. 

McGREERY, Hugh J. (M 1922), (for mail). 
Marine Bldg., and 1617Hl9th Ave. W., Van- 
couver, B, C., Canada, 

McGUNE, Byron V. (M 1928), Sales Engr. (for 
mall), lul W. Yatoa Ave., P, O. Box 385, and 
2310 W. Yakima Ave., Yakima. Wash. 

MCDONALD, Thomas (A 1931), Mgr. (for mail), 
Minneapolis-Honeywell Regulator Co., Ltd., 
117 Peter St., and 55 ICingsway, Toronto, Ont., 

McDOlSiNELl, Everett N. (JkT 10285, Prea. (for 
mtOt), McDonnell & Miller. 4,00 N. Michtgen 
ffiviL and 105 K Delaware, Chltago, 111. 

MSlGIN, Jetui W. (/ 1081), 180 Rowland Park, 

MolSu£A!S,*5felain P. (A 1928), 1268 Pratt 

McSrSitfSAI'. (M lW).-Prej. (for ■mH). 
McGinnees, Smith & McGinn^ Co., 627 Krat 
Ave., and 142 BellSeld Ave., Pltwburgh, Pa. 


McGLENN, G. Raymond (M 1915), 259 Lormore 
St., Elmira, N. Y. 

McGONAGLE, Arthur (M 1932), Consulting 
Engr. (for mail), 1013 Fulton Bldg., Pittsburgh, 
and 6815 Prospect Ave., Ben Avon, Pa. 

McGRAIL, Thomas E. (M 1926), Mgr. Htg. 
Dept., Crane, Ltd., Beaver Hall, and (for mail), 
W. A. 90S7-34C5 Belmore Ave,, Montreal, P. Q., 
Canada. ' 

McGUIGAN, L. A- (A 1919), 724 Hastings St., 
Pittsburgh, Pa. 

McHenry, Robert W. (M 1921), Engr., Trans. 
Canada Radiator & Boiler Co., 672 Dupont St., 
and (for mail), 236 Eglinton Ave., Toronto, Ont., 
Canada. 

MclLVAINE, John HA (M 1029), Pres, (for mail). 
McUvaine Burner Corp., 663 W. Washington 
Blvd., and 1100 Lake Shore Dr., Chicago, III. 

MclNTIRE, James F. (iV/ 1915; A 1914), (Coun- 
cil, 192G-192S, 1932-1934), Vice-Pres. (for mail). 
U. S. Radiator Corp,, 1056-44 Cadillac Square, 
P. O. Box 686, and 3261 Sherbourne Rd., Detroit, 
Mich. 

MeINTOSH, Fabian C. (Ai 1921; J 1917), 
(Treas., 1930; Council, 1929-1934), Br. Mgr. (for 
mail), Johnson Service Co., 1238 Brighton Rd„ 
and 302 Marshall Ave,, Pittsburgh, Pa. 

McKIEVER, William H.* (Af 1897; J 1896), 
Pres, (for mail), William H, McKiever, Inc., 247 
West 13th St., New York, and 479 Eighth St., 
Brooklyn, N. Y. 

McKINLEY, C. B. (.S 1934), 132 Paye, Norman, 
Okla. 

McKinney, WilUam j, (A 1934), Mgr.. Atlantic 
Dist., American Blower Corp., 716-1()1 Marietta 
St. Bldg., Atlanta, Ga. 

McKITTRIGK, Percy A. (A 1034), Treas. and 
Gen. Mgr. (for mail), Parks-Cramer Co., 970 
Main St., and 219 Blossom St, Fitchburg, Mass. 

McLARNEY, Harry W. (Af 1933), Air Cond. 
Engr. (for mail), Union Electric Light & Power 
Co., 315 North 12th St., and 5053 Lindenwood 
Ave., St. Louis, Mo. 

McLaughlin, Joseph d. (vi 1930; j 1928), 

Owner (for mail), Bralcy & McLaughlin, 166 
Aborn St., and 45 Roslyn Ave., Providence, R. L 

McLEAN, Dermid (Af 1917), McColl, Snyder & 
McLean, 2304 Penobscot Bldg., Detroit, Mich. 

McLEISH, William S. (A 1932; J 1928), Dist. 
Engr. (for mail), The Ric-wiL Co., Room 1838, 
101 Park Ave., and 500 Riverside Dr., Ndw 
York, N. Y. 

McLENEGAN, David W. (M 1933), Asst Engr., 
Air Cond. Dept, (for mail). General Electric Co., 
1 River Rd., and 1^0 Rugby Rd., Schenectady, 
N. Y. 

McLOUTH, Bruce F. (7 1934), Dail Steel 
Products Co., Lansing, Mich. 

McMahon, Thomas W. (M 1928), Dist, Mgr. 
(for mail), American Blower Corp., 1715 Railway 
Exchange Bldg., and 6161 Waterman Ave., 
St. Louis, Mo, 

McMUNN, A. H, (S 1034), (for mail), 4915 
Forbes St,, Pittsburgh, Pa., and 311 St Clair St, 
Clkrksburg, W. Va. 

McMURRER, Louis J. (M 1928: A 1928; J 1924), 
Pres., The McMurrer Co., 303 Congress^ St„ 
Boston, and (for mail), 190 Harvard Circle, 
Newtonville, Mass. 

McNamara, WUUam (A I93O), Sales Engr. (for 
mail), The Trane Co., 2694 University Ave., and 
1856 Como Ave. W., St. Paul, Minn. 
McPherson, WiUlam a. cm 1029 ), Chief, 
Htg, and Vig. Div., Dept, of School Bldgs., 11 
Beacon St,, Boston, and (for mail), 86 Dwinnell 
St, West Roxbury, Moss. 

McOUAlD, Dan J. (M 1934), En^g. Service 
Work, 1665 Milwaukee St, Denver, Colo. 

McTERNAN, Felix J, (A 1931), 1528 Main St., 
Buffalo, N, y. 

MEAD, Edward A. (M 1926), Asst, Sales Mgr. gor 
mail), Nash Engrg. Co., and 5 Thames St., 
Norwalk, Conn. 
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MEFFERT, George H. (/ 1930), Engr. (for mail), MILLER, John F. G. (M 1916), Vice-Prcs. (for 
Carrier Engrg. Corp., 2022 Bryan St., and 41543^ mail), B. F. Sturtevant Co., Hyde Park, Boston, 
Prescott Ave.. Dallas. Texas. and 20 Chapel St., Brookline, Mass. 


MEHNE, Carl A. (M 1929), Htg. and Vtg. 
Expert (for mail). Room 821, 101 Park Ave., 
New York, and Livingston St., Valhalla, N. Y. 

MEINKE, Howard G. (M 1933), Asst. Engr., 
Civil Engrg. Dept, (for mail), New York Edison 
Co., 4 Irving PI., Room 1517-S, New York, and 
41 Harte St., Baldwin, Nassau Co., N. Y. 

MEISEL, Carl L. (J 1931), 350 Central Park West, 
New York, N. Y. 

MELLON, James T. J. (M 1911), (Council, 
1915), (for mail), Mellon Co., 4415-21 Ludlow 
St., and 431 North 63rd St., Philadelphia, Pa. 

MENSING, Frederick D. (M 1920), (Treas., 
1931-1932; Council, 1931-1932), Consulting Engr. 
(for mail), Mensing & Co., 12 South 12th St., 
and 2845 Frankford Ave., Philadelphia, Pa. 

MERKEL, Fred P. (M 1924), 204-llth Ave., 
Belmar, N. J. 

MERLE, Andr6 (M 1934), Director of Engrg., 
Control Corp. ot America, 250 West 57th St., 
New York, N. Y., and (for mail), 172 Lincoln 
Ave., Elizabeth, N. J. 

MERRILL, Carle J. (M 1919), Treas. (for mail), 
C. J. Merrill, Inc., 54 St. John St., and 15 
Longfellow St., Portland, Maine. 

MERRILL, Frank A. (M 1934), Consulting Htg. 
and Vtg. Engr. (for mail), Hollis French, 210 
South St., Boston, and 19 Auburndale Rd., 
Marblehead, Mass. 

MERRITT, G, J. (M 1925), Director, Merritt, 
Ltd., 8 French Bund, Shanghai, China. 

MERTZ, Walter A. (M 1919), Kehm Bros, 51 E. 
Grand Ave., Chicago, 111. 

MERWIN, Gile E. (M 1024; J 1923), Sccy., 
Rockford Plbg. Supply Co., and (for mail), 
1325~20th St. Rockford, 111. 

MEYER, Charles L. (M 1930), 198-25 Foothill 
Terrace, Hollis, L. I., N. Y. 

MEYER, Frank L. (M 1932; J 1928), Vice- Pres., 
The Meyer Furnace Co., and (for mail), 9 Cole 
Court, Peoria, 111. 

MEYER, Henry C., Jr.* (M 1898), (Council, 
1915-1916), Pres, (for mail), Meyer Strong & 
Jones, Inc., 101 Park Ave., New York, N. Y., and 
25 Highland Ave., Montclair, N. J. 

MEYER, John W. (A 1929), Asst, to Mgr., 
Industrial Siiles Dept, (for mail), Philadelphia 
Electric Co., 1000 Chestnut St., and 5000 Pine 
St., Philadelphia, Pa. 

MIGHIE, D. Fraser (A 1930), Boiler and Rad. 
Div., Crane, Ltd., 93 Lombard St, and (for 
mail), 5 H, 653 Wardlaw Ave., Winnipeg, Man., 
Canada. 

MILES, James C. (ilJ 1914), Dept. Mgr. (for 
mail). The Henry Furnace & Foundry Co., 
34H East 49th St., and 1863 Crawford Rd., 
Cleveland, Ohio, 

MILLAR, Rowland J. (M 1925), Mgr. (for mail). 
Pease Foundry Co., Ltd., 118 King St. E., and 
6,?Oakmount Rd., Toronto, Ont., CTanada. 

MILLARD, Junius W, (ill 1929), Dist. Mgr. (for 
mail), Carrier Engrg. Corp., 410 Asylum St., 
Hartford, and Manchester, Conn. 

MILLER, Bruce R. (A 1930), 1633 N.W. 26th St, 
Oklahoma City, Okla. 

MILLER, Charles A. (/I 1917), Salesman (for 
mail), The H. B. wSmlth Co., 10 East 4l8t St, and 
2870 Marion Ave., New York, N. Y, 

MILLER, Charles W. (M 1919; J 1908), (for 
mail). The Rado Co., 388 S. Second St., Mil- 
waukee, and R. 1, Box 42, Menomonee Falla, 
Wia. 

MILLER, Floyd A. (M 1011), 477 Federal Bldg., 
Chicago, 111. 

MILLER, Harold A, (S 1935), 10a9-24th Ave. 
S,E„ Minneapolis, Minn, 

MILLER, Harry M. (M 1920), 3938 N. Stowell 
Ave., Milwaukee, Wis. 

MILLER, James E. (M 1914; J 1912), Vice-Pres, 
(for mall), C. W. Johnson, Inc., 2>11 N. Dea- 
plainea St.. Chicago, and 2210 Colfax St, 
Evanston, III. 


MILLER, Leo B. (M 1926), Refrigeration Div. (for 
mail), Minneapolis-Honey well Regulator Co., 
2753 Fourth .Ave. S., and 2010 James Ave. S., 
Minneapolis, Minn. 

MILLER, Lorin G. (M 1033), Prof. Mech. Engrg. 
(for mail). Dept, of Mech. Engrg., Michigan 
State College, Engrg. Bldg., and 020 Sunset 
Lane, E. Lansing, Mich. 

MILLER, Merl W. (M 1932; J 1926), Mgr. of 
Lab. (for mail), Trane Co., and 229 South St., 
LaCrosse, Wis. 

MILLER, Robert A.* (M 1931), Tech. Sales Engr. 
(for mail), Pittsburgh Plate Glass Co., 2200 
Grant Bldg., Pittsburgh, and 1211 Carlisle St., 
Tarentum, Pa. 

MILLER, Robert T. (A 1927), Chief Engr. (for 
mail). Masonite Corp., Ill W. Washington St, 
Chicago, and 1228 Sunnyside Ave., Chicago 
Heights, III. 

MILLER, Tolbert G. (A 1929; J 1921), Supt., 
Htg. and Vtg., 11 N. Second St., Wormleysburg, 
Pa. 

MILLIKEN, James H.’*' (M 1923), Diat. Repr. 
(for mail), American Air Filter Co., Inc., 20 N. 
Wacker Drive, Chicago, and 1021 Ridge Ct., 
Evanston, III. 

MILLIKEN, Vincent 1>. (A 1930), Sales Mgr. (for 
mail), Skidmore Corp., and 2015 Forres Ave., 
St. Joseph, Mich. 

MILLIS, Linn W, (Life Member; M 1918), Secy., 
Security Stove & Mfg. Co., 1(130 C)akland, and 
(for mail), 3534 Wabash Ave., Kansas City, Mo. 

MILWARD, Robert K. (A 1920), Klgr. (for mail), 
U. S. Radiator Corp., 127 Campbell Ave., and 
2441 Calvert Ave., Detroit, Mich. 

MINER, Major H. (S 1934), 1510H Northwest 25. 
Oklahoma City, Okla. 

MITCHELL, O. IL (J/ 1924), Engr.. The hYls Co., 
42 Union St., Portland, Maine, and (for mail), 
179 Thatcher St., Milton, Mass. 

MITTENDORFF, E. M. (Al 1932), Sides Engr*, 
(for mail), Sarco Co., Inc., 222 N. Bank Dr., 
Chicago, and 16(X) S. Prospect Ave., Park Ridge, 
111 . 

MJOLSNES, Leonard O. (A’ 1935), 018 15th 
Ave. S.E., Minneapolis, Minn. 

MOOIANO, Reno (M 1925), 55 Boulevard Beau- 
sejour, Paris, 10, erne, France. 

MOLER, William H* (M 1927; J 1923), Br, 
Supervisor Com. Div., York Ice Machinery 
Corp., 2225 S. Lamar St., Dallas, and (for mail), 
R, K. D. 1, Box 37B, Irving, Texas. 

MONDAY, Charles E. (M 1920), Chas. E. 
Monday 5k Co., 1323 Fairmount Ave., Phila- 
delphia, Pa. 

MONROE, Meade (J 1036; S 1933), 1228 Southern 
Blvd., New York, N. Y. 

MONROE, Raymond K. (A 1929), 7 County St*, 
lr>swich. Mass. 

MONTGOMERY, Ora G. (M 1933), Asst. Supt. 
of Power (for mail), N. Y. C. IC R., Grand 
Central Terminal, Room 1842, and 266 West 
84th St., New York, N. Y, 

MOODY, Lawrence E, (M 1919), Member of 
Firm, Isaac Hathaway Francis, Consulting 
Enm., Otis Bldg., Philadelphia, Pa., and (for 
mail), 237 Jefferson Ave., Haddonffeld, N. J. 

MOON, L. Walter (M 1916), (Council, 1933- 
1934), Pres, (for mail), Bradley Heating Co., 
3834 (Jllve St„ and to N* Kingshighway, 
St. Louis, Mo* 

MOORE, Henry W. (M 1936L Air Cond. Engr. 
(for mail), Frigidaire Corp*, Dayton, Ohio, and 
816 Greenland Dr., Murfreesboro, Tenn, 

MOORE, Herbert S. (A 1923L Mfra. Agent, 107 
Clendenan Ave., Toronto 9, Ont., Canada, 

MOORE, Robert E, (J 1933), Junior Sale® Engr* 
(Div. of), Manning Maxwefi & Moore, 446 
Commumpaw Ave*. Jersey City, N. J„ and (for 
mail), 1730 East 46th St., BrooWyn, N. Y* 

MOORE, Robert E. (A 1928), 714 Brummel 
Evanston, III. 
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MOREAU, Donato (A 1932), 35 E. McCormick, 
Tucson, Ariz. 

MORGAN, Glenn C. (M 1911), Partner (for mail), 
Morgan-Gerrish Co., 307 Essex Bldg., and 4308 
Fremont Ave. S., Minneapolis, Minn! 

MORGAN, Robert C. (M 1915), 314 W. Seymour 
St., Philadelphia, Pa. 

MOREHOUSE, H. Preston (M 1933), General 
Air Cond. Repr. (for mail), Public Service Elec. 
& Gas Co., SO Park PI., Newark, and S5 Halsted 
St., East Orange, N. J. 

MORRIS, Arnold M. (7 1934), Sheet Metal 
Worker, Philadelphia Navy Yard, Sheet Metal 
Shop Building No. 17, and (for mail), 3022 Baltz 
St., Philadelphia, Pa. 

MORRIS, Edward J. (7 1935; S 1931), Engr., 
Morris Engrg. Co., Inc., 107 E, Pleasant, and 
(for mail), 3414 Gwynn’s Falls Pkwy., Balti- 
more, Md- 

MORRIS, Fred H. (A 1929), 14704 Stratmore 
Ave., E, Cleveland, Ohio. 

MORRISON, Chester B. (M 1931). Mgr. (for 
mail), York Shipley Co., 81 Jinkee Rd., and 
347 Route Cohen, Shanghai, China. 

MORSE, Clark T. (M 1913), Pres, (for mail). 
American Blower Corp., 6000 Russell, and 
16222 Shaftsbury Rd., Detroit, Mich. 

MORSE, Floyd W. (A 1934), (for mail), Chamber- 
lin Metal VVeather Strip Co., 52 Vanderbilt Ave., 
New York, and 112 Sycamore Ave., Mt. Vernon, 
N. Y. 

MORTON, Charles H. (A 1931), 1100 Sherman 
St, S.E., Grand Rapids, Mich. 

MORTON, Harold S. (M 1931), Dist. Mgr., 
Modern Coal Burner Co., 538 Baker Bldg., and 
(for mail), 4330 Wooddale Ave., Minneapolis, 
Minn. 

MOSHER, Clarence H. (A 1010), C. H. Mosher 
Co., 423 Ashland Ave., Buffalo, N. Y. 

MOSS, Edward (M 1920), 1130 Atlantic Ave., 
Brooklyn, N. Y. 

MOTZ, O. Wayne (M 1932), Mech. Engr., 
Samuel Hannuford & Sons, Archts., 1024 Dixie 
Terminal Bldg., Cincinnati, and (for mail), 2587 
Irving PL, Norwood, Ohio. 

MOULDER, Albert W.* (M 1917), Mgr., Htg., 
Power and Industrial Piping Div. (for mail), 
Grinnell Co.. Inc., 260 W. Exchange St., and 12 
Blackstone Blvd., Providence, R. L 

MOULTON, David (M 1920), 09 Chauncy St„ 
Boston, Mass. 

MUELLER, Harold C. (A 1030), Sales Engr. (for 
mail), Powers Regulator Co., 2720 Greenvlew 
Ave., Chicago, and 2720 Lawndale Ave., Evans- 
ton, 111. 

MUNDER, John F., Jr. (M 1927; 7 1024), (for 
mall), Quinn Engrg. Co., 501 Madison Ave., 
New York, N. Y.. and 81 Joyce Rd., Tenafly, 
N, J. 

MUNIER. Leon L. (M 1919; 7 1916), Prea. (for 
mail), Wolff & Munier, Inc.. 222 East 4l8t St., 
New York, and 03 Columbia Ave., Hartsdale, 
N. Y. 

MUNRO, Edward A. (Charter Member; Life 
Member)* Htg, and Vtg. Engr., c/o Arthur B. 
Munro, 66 Jarvis PL, Lynhrook, L. L, N. Y. 

MURPHY, Charles G. (S 1934), 3416 Fort 
Independence St., New York, N. Y. 

MURPHY, Edward T.* (M 1916), Vice-Pres. (for 
mall), Carrier Emjrg. Corp., 180 N, Michigan 
Ave,, and 200 E. chestnut St., Chicago, 111, 

MURPHY, Howard (M 1928), Vice-Pres. (for 
mail), American Air Filter Co., inc., 216 Central 
Ave., and 496 Llghtfoot Rd., Louisville, Ky. 

MURPHY, Joaeoh R. (M 1934; A 1926). The 
Terrace, Riverside, Conn. 

MURPHY, William W, (M 1930), Trees, (for 
mail). W. W. Murphy Co.. 171 Chestnut St., and 
26 Mansfield St., SpringMd, Mass. 

MURRAY, John J. (A 1933), Salesman, Vice- 
Pres., Pierre Perry Com 236 Congress St*, Boston, 
and (for mail), 60 Commonwealth Park W., 
Newton Center, Mass. 


MURRAY, Thomas F. (M 1923), State Architect, 
14 S. Lake Ave., Albany, N. Y. 

MUSGRAVE, Merrill N. (A 1935), Pres, (for 
mail), Harrison Sales Co., 314 Ninth Ave. N., and 
140 East 64th St., Seattle, Wash. 

MYERS, Frank L. (M 1933), Sales Engr., Owens, 
Illinois Glass Co., and (for mail), 3406 Detroit 
Ave., Toledo, Ohio. 

MYERS, Charles R. (S 1935), White Bear Lake, 
R. No. 2, Minneapolis, Minn. 

MYERS, George W. F. (M 1930; A 1928; 7 1923), 
Mfrs. Repr., Htg., Vtg., and Air Cond., Mart 
Bldg., 401 South 12th St., St. Louis, and (for 
mail), 476 Pasadena Ave., Webster Groves, Mo. 

N 

NAROWETZ, Louis L., Jr. (M 1929; A 1912), 
Secy, (for mail), Narowetz Htg & Vtg. Co., 
1711 Maypole Ave., Chicago, and 112 S. Park 
Ave., Park Ridge, 111. 

NASON, George L. (M 1929; A 1929; 7 1927), 31 
N. Franklin St., Holbrook, Mass. 

NASS, Arthur F. (M 1927), Secy-Treas, (for 
mail), McGinness, Smith & McGinness Co., 527 
First Ave., Pittsburgh, and Elmhurst Rd., 
R. D. No. 8, Grafton P. O., Pa. 

NATKIN, Benjamin* (M 1909; 7 1907), Pres, (for 
mail), Natkin & Co*, 2020 Wyandotte, and 6211 
Rocichill Rd., Kansas City, Mo. 

NAYLOR, Charles L. (M 1931), Supt., Heat, 
Light and Power (for mail), The Atlantic 
Refining Co., 3144 Passyunk Ave., and 2315 
North ISth St., Philadelphia, Pa. 

NEALE, Laurance I. (A 1927), Vice-Pres. (for 
mail), Atlantic Gypsum Products Co., 60 East 
42nd St., and 125 East 57th St., New York, N. Y. 

NEARY, Daniel A. (7 1935; 5 1933), 444 East 
66th St., New York, N. Y. 

NEEDLER, J. H. (M 1933), Phillips Getschow 
Co., 32 W. Austin Ave., Chicago, 111. 

NEILER, Samuel G. (M 1898), Consulting Mech. 
and Elec. Engr. (for mail), Neiler, Rich Sc Co., 
431 S. Dearborn St., Chicago, and 737 N. Oak 
Park Ave., Oak Park, 111. 

NELSON, Chester L. (7 1929), 6704 Oconto 
Ave. N., Chicago, 111. 

NELSON, D. W.* (M 1928), Asst. Prof, of Steam 
and Gas Engrg. (for mail), Mech. Engrg. Bldg., 
University of Wisconsin, and 3906 Council 
Crest, Madison, Wis. 

NELSON, George O. (M 1923), Carstens Bros., 
Ackley, Iowa. 

NELSON, Harold A. (M 1926), 236 S. La Pere St.. 
Beverly Hills, Calif. 

NELSON, Herman W. (M 1909), Pres, and Gen 
Mgr, (for mail), The Herman Nelson Corp., 1824 
Third Ave., and 2600-llth St., Moline, III. 

NELSON, Raymond Allen (S 1936), 14th St. and 
Prospect Ave., Cloquet, ana (for mail), 418-18th 
Ave. S.E., Minneapolis, Minn. 

NELSON, Richard H. (A 1933; 7 1928), Secy- 
Treas.. Herman Nelson Corp,, 1824 Third Ave., 
and (for mail), 1303-30th St., Moline, 111. 

NESBITT, Albert J.*^ (M 1921; 7 1921), Secy- 
Treas. (for mail), John J. Nesbitt, Inc., State 
Rd. and Rhawn St., and Matchwood Apts., 
Wissahickon Ave., and School Lane, Phila- 
delphia, Pa. 

NESBITT, John J. (M 1923), John J. Nesbitt, 
Inc., State Rd. and Rhawn St., Holmesburg, 
Philadelphia, Pa. 

NESDAHL, Ellert (M 1915), c/o Colben Nesdahl, 
Route 1, Shevlin, Minn' 

NESS, WiUiam H. G, (M 1981), Gen. Ugr. (for 
mail). Master Fan Corp., 1823 Channlng St., and 
215 N, Kingsley Dr., Los Angeles. Calif. 

NESSI, Andrfi (M 1930), Ingr des Arts et Manu- 
factures, Expert prea. le triblnal civil de la Seine, 
and (for mail), 1 Avenue du President Wilson, 
Paris XVr, France. 

NEU, Henri J. E. (M 1933), Pres., Etabllssements 
Neu, 47-49 Rue Fourier, Lille (Nord), France. 
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NEWCOMB, Lionel B. (J 1933), Junior Engn, 
Philadelphia Electric Co., and (for mail), 6056 
Walton Ave., Philadelphia, Pa. 

NEWPORT, Charles (M 1906), Sales Engr., 
Weil-McLain Co., Michigan City, Ind., and (for 
mail), 10001 Longwood Dr., Chicago, 111. 

NICELY, John E. (A 1925), 120S Marion St.. 
Reading, Pa. 

NICHOLLS, Percy’*' (M 1920), Supervising Engr., 
Fuel Section (for mail), U. S. Bureau of Mines, 
Pittsburgh, Pa. 

NIGHTINGALE, George F. (A 1931), Western 
Sales Mgr., Tuttle & Bailey, Inc., 61 W. Kinzie 
St., Chicago, and (for mail), 621 S. Maple Ave., 
Oak Park, 111. 

NOBBS, Walter W. (M 1919), 50 Fairhazcl 
Gardens, London N.W.6, England. 

NOBIS, Harry M. (M 1914), 1827 Stanwood Rd., 
East Cleveland, Ohio. 

NOBLE, Theodore G. (J 1935; .S’ 1933), Engr.. 
Minneapolis Gas Light Co., and (for mail), 523 
Oak St. S.E., Minneapolis, Minn. 

NOLL, William F. (M 1924), Htg. Contractor, 
2850 North 47th St., Milwaukee, Wis. 

NORDHEIMER, Clyde L. (/ 1935; 5 1031), 622 
Mellon St., Pittsburgh, Pa. 

NORRIS, William D, (M 1930), 1314 Forest 
Ave., Wilmette, 111. 

NORTHON, Louis (M 1929), Consulting Engr., 
132 Park Ave., Mt. Vernon, N. Y- 

NOTTBERG, Gustav (A 1933), Secy, (for mail), 
U. S. Engineering Co„ 914 Campbell, and 1835 
East 68th St. Terrace, Kansas City, Mo. 

NOTTBERG, Henry (M 1919), Vice-Pres. (for 
mail), U. S. Engineering Co., 914 Campbell St., 
and 213 South Bales, Kansas City, Mo. 

NOVOTNEY, Thomas A. (M 1928), Mgr., 
Research and Sales Engrg. Depts., National 
Radiator Corp., 221 Central Ave., and (for mail), 
403 Wayne St.., Johnstown, Pa. 

NOWITSKY, Herman S. (A 1931), Supt., Con- 
struction, Repairs and Maintenance, Wilmera & 
Vincent Corp., and (for mail), 151 Tenth St., 
Norfolk, Va. 

NUSBAUM, Lee* (M 1915), Owner (for mall), 
Penn^lvania Engrg. Co., 1119-21 N. Howard 
St,, Philadelphia, and 316 Carpenter Lane, 
Germantown, Philadelphia, Pa. 


o 


OAKEY, William E. (M 1932), Consulting Engr., 
Oriskany, N. Y. 

OAKS, Orion 0. (M 1917), Executive Elngr., 
American Radiator Co., 40 West 40th St., New 
York, N, y., and (for mail), 119 Oak Ridge Ave., 
Summit, N. J, 

OATES, Walter A, (M 1931), Htg. and Industrial 
Engr., Lynn Gas & Electric Co., 90 Exchange 
St, and (for mall), 285 Lynn Shore Dr., Lynn, 

O^BANNON, Lester S.* (ikf 1928), University of 
Kentucky, Lexington, Ky, 

OBBRGv Harry C. (4 1933), Mgr.. Engrg, Dept, 
Crane Co., Fifth and Broadway, and (for mail), 
1362 W. Minnehaha St., St. Paul, Minn. 

OBERT, Cmln W.* (,M 1916), Consulting Engr., 
Union Carbide & Carbon Research Labomtorfea, ■ 
Inc., 30 East 43nd St., New York, and (for mail), 
122 N. Columbus Ave., Mt. Vernon, N. Y. 

O’BRIEN, J. H. (M 1923), 228 N. LaSalle St, 
Chicago, III. 

O’CONNELL. Fresly M. (M 1916). Resident 
Engr., Inspector, P. W, A., (for mail), College 
Court Apts., Pullman. Wash, 


OFFEN, Ben iU 1928). Owner (for mail), B, 
Offen &: Co., bOS S. Dearborn St. and 1100 N. 
Dearborn St., Chicago, 111, 

OFFNER. Alfred J.* (M 1922). Consulting Engr. 
(for mail), 139 East 53rd St. New York, and 
150-16-nth Ave,. Beechhurat. h, I.. N, Y, 


O’GORMAN, John S., Jr. (A 1934), Sales Engr. 
(for mail), Johnson Service Co., 2142 East 19th 
St, Cleveland, and 19205 Winslow Rd., Shaker 
Heights, Ohio. 

O’HARE, George W., Jr. J 1935; .S 1932), 201 
West 72nd St, New York, N. Y. 

OKE, William C. (J 1934). Air Cond. Engr. (for 
mail), Sheldons, Ltd., 96 Grand Ave., Galt, and 
1200 Richmond St.. London, Ont., Canada. 

OLCHOFF, Maurice (M 1933), Mgr., Olchoff 
Engrg. Co., 423 Dwight Bldg., and (for mail), 
5341 Holmes, Kansas City, Mo. 

OLSEN, Carlton F. (A 1925; J 1920). Combustion 
Engr., Kewanee Boiler Co., Inc., 1858 S. Western 
Ave., and (for mail), 7914 Wabash Ave., Chicago, 
111 . 

OLSEN, Gustav E. (M 1930), GS09 Amstel Blvd., 
Arverne, L. I., N. Y. 

OLSON. Bernhard (A 1929), 122 S. Michigan 
Ave., Chicago, and (for mail), 5724 N. Natoma 
Ave., Norwood Park. IIL 

OLSON, Gilbert E. (M 1930), 440 Ward Pkwy., 
Kansas City, Mo. 

OLSON, Robert G. (M 1923), Sales Mgr, (for 
mail), Plydraulic Coupling Corp., Harper at 
Russell, and 111 Putnam Ave., Detroit, Mich. 

OLVANY, William J. (M 1912), Pres, (for mail), 
William J. Olvany, Inc., 100 Charle.s St., New 
York, and 109-40~71st Rd., Forest Hills., L. L, 
N. Y. 


O’NEIL, Jo8ei>h M. (A 1934), 332 Commonwealth 
Ave., Springheld, Mass. 

O’NEILL, James W. (M 1929; A 1927; J 1025), 
Chief Engr., Trane Co. of Canada, Ltd., 439 
King St W., and (for mail), 8 Springmount Ave,, 
Toronto, Canada, 

O’NEILL, Peter (M 1920), Treas. (for mail), 
Bartley-O’Neill Co.. 240-42 Blvd, of Allies, 
Pittsburgh, and 2448 Charles St. N.S., Pitts- 
burgh (14), Pa. 

OPPERMAN, Everett F, (J 1035; S 1933), 169 
Milbank Ave., Greenwich, Conn. 

OREAR, Andrew G. (M 1930), Sales Bhigr. and 
Mfra. Repr. (for mail), Room 501, San Ifernando 
Bldg., Los Angeles, and 1015 li. Raleigh St., 
Glendale, Calif. 


O’REAR, L. R. (M 1934), Pres, (for mail), 
Midwest Plbg. & Htg. Co.* 2450 Blaite St., and 
3033 West 37th Ave., Denver, Colo. 

OSBORN, Wallace J. (A 1927), Vice-Prea., 
Keeney Publishing Co., Grand Central Term. 
Bldg., New York, N. Y., and (for mail), 699 Old 
Post Rd., Fairfield, Conn. 

OSBORNE, Gurdon H. (M 1922), Gen. Mgr., 
The Vtg. & Blow Pipe Co., Ltd.* 714 St. Maurice 
St, Montreal, and (for mail), 836 Pratt Ave., 
Outremont, Montreal, Que., Canada. 

OSBOjRNfe, Maurice M. {M 1925), 367 Beacon 
St., Boston, Mass. 

OSBURN. Richard M, (J 1935; S 1933), 2241 
Sedgwick Ave.. New York, N. Y. 

OSTERLB, Wmiarn H, (M 1934), Engr. (for 
mail). The West Penn Electric Co., 14 Wood St., 
Pittsburgh, and 3836 Beacon Hill Ave., Dormont, 
Pa. 

OSTRIN, Albert (S 1936), 1216 James N., 
Minneapolis, Minn, 

OTIS, Gerald E.* {M 1922), Viee-Pres. (for mall), 
The Herman Nelson Corp., and I921-23rd Ave.* 
Moline, III. 

OTT, Onm W. (M 1025), (Council 1984), Con*, 
suiting Mech. Engr. (for mail), 422 Washington 
Bldg,, and 123 S. vlrsdl Ave., Los Angeles, Calif, 

OTT, Rush C. (M 1931). Sal^ Engr., Refriger- 
ating Equip. Corp., 927 N. Meridian St., Inaia- 
napoUs, Ind. 

OUEUSOFF* L. S. (M 1931). Engr. of Utilh^aon 
(for mail), Washiniion Gai Li^trCo.iliOO--2TO 
SL N.W., Washington, D. C., and 25 W. Irving 
St., Chevy Chase, Md. 


OVERTON, Sidney H 
Radiatoren, Singil, " 
land. 


K. V. 
m, EoL 
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PABST, Charles S. {M 1934), Pres, and Mgr. 
(for mail), Adams Engrg. Co., Inc., 55 West 42nd 
St., New Vork, and S727-98th St., Woodhaven 
L. I., N. Y. 

PAETZ, Herbert E. (M 1922), Div. Sales Mgr. 
(for mail), American Blower Corp,, 2539 Wood- 
ward Ave., and The Wardell, Detroit, Mich. 

PAGE, Harry W. {M 1923), Pres., Wisconsin 
Equipment Co., 204 W. Wisconsin Ave., Mil- 
waukee, and (for mail), 7927 Warren Ave., 
Wauwatosa, Wis. 

PAPPENFUS, Wilfrid G. (5 1935), 312-13th 
Ave. S., St. Cloud, and (for mail), Pioneer Hall, 
Minneapolis, Minn. 

PARK, Clifton D. {M 1929). 22 Otis St., Need- 
ham, Mass. 

PARK, J. Frank (J 1930), Salesman (for mail). 
Carrier Engrg. Corp., 748 E. Washington Blvd., 
Los Angeles, and Route 3, Box 956, Modesto, 
Calif. 

PARKER, Philip (M 1915), 8 Middle St.. Woburn. 
Mass. 

PARROTT, Lyle George {M 1922), Consulting 
Engr., McColl, Snyder & McLean, 2308 Pen- 
obscot Bldg,, and (for mail), 4078 Seebaldt Ave., 
Detroit, Mich. 

parsons, Roger A. (J 1933), Sales Engr., Dail 
Steel Products Co., and (for mail), 525 W. Grand 
River Ave., Lansing, Mich. 

PARTLAN, James W. {Life Member; M 1916), 
14290 Goddard Ave., Detroit, Mich. 

PATERSON, James (M 1922), Mech. Engr. 
(for mail), Board of Education, 155 College St., 
and 23 Norton Ave., Toronto, Ont., Canada. 

PATORNO, Sullivan A. S. (M 1923), Chief 
Draftsman (for mail), Meyer, Strong & Jones, 
Inc., 101 Park Ave., and 312 East 163rd St., 
New York, N. Y, 

PAUL, Donald I. (J 1932), Sales Engr. (for mail), 
Gurney I^oundry Co., Ltd., 4 Junction Rd., and 
222 Kern Ave., Toronto, Ont., Canada. 

PEACOCK, James K. (M 1921), Hoffman 
Specialty Co., Inc., 500 Fifth Ave., New York, 
and (for mail), 440 Fowler Ave., Pelham Manor, 
N. Y. 


PEEBLES, John K., Jr. (A 1925; J 1924), 7 
Brandon Apts., University, Va. 

PEELER, Leonard (J 1934), Engr., D. J. Peller 
& Co., 1369 N. Wells St., Chicago, 111. 

PELOUZB, Henry L., 2n<i (A 1934), Br. Mgr. (for 
mail), C. A. Dunham Co., 110 N. Seventh St., 
and 4209 Grove Ave., Richmond, Va. 

PENNBL, Reed (J 1933), 1335 Omnd Ave., St. 
Paul, Minn. 

PENNOGK, William B. (M 1927), Diat. Sales 
Engr., Trane Co. of Canada, Ltd., and (for mail), 
92 Markland St., Hamilton, Ont., Canada, 

PERINA, Arthur B, (/ 1036; S 1933), 126 Court- 
land St., Staten Island, N. Y., and (for mail), 
Box 198, Carnegie Institute of Technology, 
Pittsburgh, Pa. 

PERKINS, Robert G. (A 1936), Sales Engr., Ilg 
Electric Ventilating Co., Chicago, 111., and (for 
mail), 1337 N. Parkway, Memphis, Tenn, 

PESTERFIELD, Charles H. (S 1932), Box 664, 
University Station, Dept, of Mech. Engrg., 
University of North Dakota, Grand Forks, N, D. 

PETERS, Herbert H. (M 1980), Mgr., H. H. 
Peters Heating Co., 1842 North 4()th St., Mil- 
waukee, Wis. 

PETERSON, SterUnftD. (A 1930), Br. Mgr, (for 
mall), Johnson Ser^ce Co., 473 Colman Bldg,, 
and Ml Prince St., Seattle, Wash. 

P)fEIFER, Otto, Jr. <4 19^8; J 1832), Engr., 
Ralph D. Thomas & Associates, 1206 Second 
Ave, S., and (for mail), 1615 Monroe St. N.E„ 
Minneapolis. Minn. 

PPEIfFER, iohn F. (M 1930{ J 1926), 346 
JU»ujfa St*, Williamsport, Pa. 

PFUMiR, John L. (A 1925t J 1923). Plbg. and 
000 Manor Kd., West New Brighton, S. L, 


mtUT, Willhsm CM 1930). 74 Battedo Am, 
Toronto, Ont., Canada, 


PHILLIPS, Frederic W., Jr. (M 1921), L. J. 
Mueller Furnace Co., 101 Park Ave., New York, 
and (for mail), 825 East 3Sth St., Brooklyn, N. Y. 

PHIPPS, Frederick G. (M 1930), Vice- Pres., 
Preston Phipps, Inc., 955 St. James St. W., and 
^or mail), 2054 Mercier Ave., Montreal, P. Q., 
Canada. 

PIERCE, Edgar D. (J 1933), Engr., Carrier 
Engrg. Corp., 748 E. Washington Blvd., and (for 
mail), 360 West 68th St., Los Angeles, Calif. 

PIERCE, William MacL. (J 1935; S 1933), 
Research (for mail). Mine Safety Appliance Co,, 
Braddock, Thomas and Meade Sts., Pittsburgh, 
Pa., and 31 Potter St., Melrose, Mass. 

PIHLMAN, Arthur A. (M 1928), (for mail), 
Consolidated Gas Co. of New York, 4 Irving PI., 
New York, N. Y., and 235 Dwight St., Jersey 
City, N. J. 

PILLEN, Harry A. (A 1933), Mfg. Repr. (for 
mail), Harry A. Pillen Co., 622 Broadway, and 
2208 Crane Ave., Cincinnati, Ohio. 

FINDER, Percy H. (M 1919), 366 Third Ave., 
New York, N. Y. 

PINES, Sidney (M 1920), Vice-Pres. (for mail), 
Natkin & Co,, 2020 Wyandotte St., and 5225 
Charlotte St., Kansas City, Mo. 

PISON, Donato, Jr. (J 1935; S 1933), Moloiloilo, 
Phillipine Islands. 

PISTLER, William C. (M 1934), Mech. Engr. in 
Charge of Design, Carl J. Kiefer, Consulting 
Engr., 91S Schmidt Bldg., and (for mail). 
Orchard Lane and Crestview Ave., Pleasant 
Ridge, Cincinnati, Ohio. 

PITCHER, Lester J. (M 1929; A 1928; J 1924), 
8129 Dante Ave., Chicago, 111. 

PITTOCK, Louis B. (M 1930), (for mail), 429- B 
Oliver Bldg., and 80 Berry St., Grafton Station, 
Pittsburgh, Pa. 

PIZIB, Stuart G. (A 1926), 215-17 N. Flagler Dr., 
West Palm Beach, Fla. 

PLAGE, Clyde R. (M 1924) , Consulting Engr. (for 
mail), 420 Lexington Ave., and 333 East 57th St., 
New York, N. Y. 

PLAENERT, Alfred B. (A 1933; J 1927), 1102 
S. Park St., Madison, Wis. 

PLASS, Charles Webster (M 1928) . 826 E. Haines 
St., Philadelphia, Pa. 

PLAYFAIR, George Alexander (A 1924), Mgr. 
(for mail), Johnson Temperature Regulating Co. 
of Canada, Ltd., 97 Jarvis St., Toronto, and West 
Hill, Ont., Canada. 

PLEWES, Stanley E. (M 1917), Philadelphia 
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The G. S. Blodgett Co., 190 Bank St., and Essex 
Jet., V. P., Burlington, Vt. 

RAINGER, Wallace F. (A 1030; J 1924). 441 
Hawthorne Ave., Yonkers, N. V. 
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(for mail), American Blower Corp., 402 Broad 
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F* 1. Raymond Co., 629 W. Washington Blvd.. 
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Pittsburgh, and 114 Water St., Elizabeth, Pa. 
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REGER, Henry P. (il/ 1934), Pres, and Treas. (for 
mail), H. P. Reger & Co., 1501 East 72nd PL. 
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Engrg, Co., 3738 N. Holton vSt., and 3376 H. 
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RIDDLE, Kemble L. (J 1985; S 1983), 4150 
Windsor St.. PIttiburgb, Pa. 
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mail). Powers Regulator Co., 2720 Green view 
Ave., Chicago, and 940 Greenwood Ave., 
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RILEY, Champlain L. (M 1906), (^Presidential 
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Inc., 101 Park Ave., New York, N. Y. 

RILEY, Edward C. (J 1935; S 1933), Research 
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RILEY, Robert C. (S 1934), SS-37-179th St., 
Jamaica, N. Y. 

RINEHARD, Wilson R. (J 1932), Choudrant, 
La. 

RITCHIE, A. Gordon (M 1933), Pres, and Mgr. 
(for mail), John Ritchie, Ltd., 102 Adelaide St. 
E., and 41 Garfield Ave., Toronto, Canada. 

RITCHIE, Edmund J- (M 1923). Vice-Pres., 
(for mail), Sarco Co., Inc., 183 Madison Ave., 
New York, and 2 Grace Court, Brooklyn, N, Y. 

RITCHIE, William (M 1909), Vice-Pres., Boyn- 
ton Furnace Co., 373 Fourth Ave., New York, 
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RITTER, Arthur (M 1911), New York Dist. Mgr. 
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way, New York, and 29 Edgemont Rd., Scars- 
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1513 Columbia Terrace, Peoria, III, 
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Minn. 

ROBINSON, Harry C. (M 1930). Htg. Engr., 076 
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Edgewood Ave., Edgewood, Pittsburgh, Pa. 

RODENHEISER, George B. (M 1933), Head, 
Htg. and Vtg. Dept, (for mail), David Ranken, 
Junior School of Mech. Tracies, 4431 Finney Ave., 
and 3039 A; Dover PL, St. Louis, Mo, 

RODGERS, Frederick A. (A 1934), Br. Mgr., 
Minneapolis-IIoneywell Regulator Co., 4500 
ICucUd Ave., (Cleveland, and (for mail), 2577 
Ashton Rd., Cleveland Heights, Ohio. 

RODGERS, Joseph S. (7 1934), Engr., Mont- 
gomery Ward & Co., 1000 S. Monroe St., Balti- 
more, and (for mail), 1 Third Ave., Brooklyn 
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Rd., Bu&lo* N. Y, 
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homa Gas & Electric Co., Oklahoma City, Okla. 
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Rd., Kenmore, N, Y. 
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ROSEBROUGH, Robert M. (M 1920), Br. Mgr, 
(for mail), L. J. Mueller Furnace Co., 4246 
Forest Park Blvd., and 6012 McPherson Avc., 
St. Louis, Mo. 

ROSELL, Axel F. (M 1935), Mgr. Gen Sales 
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Stockholm, and (for mail), Ku Atlas 6, Lidingo, 
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SB8 Beechwood Rd., Upper Darby, Pa. 
TALLMADGE, Webster (M 1924), Prea. (for 
mail), Webster Tallmadge & Co., Inc., 256 North 
I8th St„ East Orange, and 7 Claremont PL,. 
Montclair, N. J, 
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TARR, .Harold M. (M 1931), Htg. Engr., 21 
Montague St-, Arlington Heights, Mass- 

TAUSON, Peter O. (S 1934), 408 Southwest 23rd 
St., Oklahoma City, Okla. 

TAVANLAR, Eligio (J 1931), (for mail), 
Carrier Research Corp., 850 Frelinghuysen Ave., 
Newark, N. J., and Binalonan Pangasinan, 
Philippine Islands. 

TAVERNA, Frederick F. (iH 1928; A 1927; 
J 1924), Engr., Raisler Htg. Co,, 129 Amsterdam 
Ave., New York, N. Y., and (for mail), 40G-12th 
St., Union City, N. J. 

TAYLOR, Edward M. (A 1934), Draughtsman 
and Engrg. Asst., City Engineer’s Dept., and (for 
mail), 102 Innes Rd., Christchurch, New Zealand. 

TAYLOR, William E. (A 1934), Factory Sales 
Engr., Air Cond. Div. of (for mail), Gar Wood 
Industries, Inc., 7924 Riopelle St., and 2008 W. 
Grand Blvd., Detroit, Mich. 

TAZE, Donovan L. (M 1931), Sales Engr., 
American Blower Corp., 6000 Russell St., 
Detroit, Mich. 

TEASDALE, Lawrence A. (M 1926), Partner (for 
mail), Office of liollis French, 20 Ashmim St., 
and 262 West Rock Ave., New Haven, Conn. 

TEELING, George A. C.;U 1930), Consulting 
Engr., 11 N. Pearl St., Albany, N. Y. 

TEMPLE, Walter J. (M R>31), Engr., J. A, 
Temple & Co., 919 E. Michigan Ave., and (for 
mail), 1215 Reed St., Kalamazoo, Mich. 

TEMPLIN, Charles L. (M 1921), Sales Engr. (for 
mail), Carrier Engrg. Corp., Bona Allen Bldg., 
and 781 Sherwood Rd. N.E., Atlanta, Ga. 

TENKONOHY, Rudolph J. (M 1923), Vice-Fres. 
(for mail), Airtherm Mfg. Co., 1474 S. Vande^ 
venter Ave., St. Louis, Mo., and 5019 Ridgewood 
Ave, Detroit, Mich. 

TENNANT, Raymond J. J. (A 1929), Supervisor 
of Sales (for mail), Diiquesne Light Co., 435 
Sixth Ave,, and 529 Navato PL, Pittsburgh, Pa. 

TENNEY, Dwight {M 1932), Pres, and Chief 
Engr. (for mail), Tenney Engrg., Inc., Bloomfield, 
Ave., at Grove St., Bloomfield, and 33 Summit 
Rd., Verona, N. J. 

THEORELL, Hugo G. T.* (fjfe Member; M 
1902), Consulting Engr., Hugo Theorells In- 
gcnieussbyra, Skoldungagatan 4, Stockholm, 
Sweden. 

THINN, Christian A.* (M 1921), Chief Engr., 
C. A. Dunham Co., 450 E. Ohio St, Chicago, 111. 

THOMAS, L. G. Lee {M 1934), Vice-Pres. (for 
mail), Economy Pumping Machinery Co., 3431 
West 48th. PL, Chicago, and 426 Forest Ave., 
Oak Park, 111. 

THOMAS, Melvern F. (M 1900), Consulting 
Engr, (for mail), Thomas & Ward ell, 229 College 
St., and 24 Rivercrest Rd,, Toronto, Ont., 
Canada. 

THOMAS, Norman A. (M 1928), Pres, (for mail), 
Thomas Htg. Co., 11th and Herrick Ave., and 
824 Monroe Ave., Racine, Wia. 

THOMAS, Richard H. {Life Umber) M 1920), 
Economy Pumping Machinery Co., 3431 West 
48th PL. Chicago, III. 

THOMMEN, Adolph A, {A 1929). Forman. 
Bloomer Htg. 8s vtg, Co., 1245 West 47th St., 
and (for mail), 34CX) West Olst PL, Chicago, 111. 

THOMPSON, Donald {J 1932), Engrg. Dept, 
Carbide & Carbon Chemicals Corp., and ftor 
mail), 514 Simms St., Charleston, W. Va. 

THOMPSON, Nelson S.’*' (M 1917; J 1897), 1615 
Hobart St N.W., Washington, D. C, 

THOMSON. Thomas N,*^ (M1899) ConaulUng 
Engr., 37 Irwin PL, Huntington, L, L, N, Y. 

THORNBURG, Harold A. (M 1932; A 1982; 
J 1920), Sales Engr. (for mail). Carrier Engrg. 
Corn., 12 South 12th St., and 2115 Chestnut St, 
Philadelphia, Pa. 

THORNTON, Roger T. {M 1919), BuEalo Forge 
Co., 490 Broadway, Buffalo, N. Y. 

THORNTON, William B.*** (M 1931). Sales Engr. 
(for mail), Carrier Engrg. Corp,, 404 Bona Allen 
Bldg., Atlanta, and 155 Coventry Rd., Decatur, 
Ga. 


THRUSH, Homer A. (if 1918), H. A. Thrush & 
Co., 21-23 E. Riverside Dr., Peru, Ind. 

TIBBETS, John G. (if 1920), Engrg. Dept., 
B. & O. R. R. Co., and (for mail), P.O. Box 106, 
Ellicott City, Mcl. 

TILLER, Louiti {J 1935; 5 1933), 1724 Northwest 
20th St., Oklahoma City, Okla. 

TILTZ, Bernard E. (M 1930), Pres, (for mail), 
Tiltz Air Cond. Corp., 285 Madison Ave., New 
York, and 24 Barnum Rd., Larchmont, N. Y. 

TIMMIS, Pierce (if 1920), Service Equip. Dept, 
(for mail), United Engineers & Constructors, 
Inc., 1401 Arch St., Philadelphia, and 202 Mid- 
land Ave., Wayne, Pa. 

TIMMIS, W. Walter (if 1933; A 192.5), Engr. (for 
mail), American Radiator Co., 40 West 4(Jth St., 
New York, and 33 Oak Lane, Glen Cove., N. Y. 

TISNOWEK, William (if 1923), 131 Livingston 
St., Brooklyn, N. Y. 

TITUS, Marvin S. (if 192S), 414 Fayette St., 
Charleston, W. Va. 

TJERSLAND, Alf (if 1916; J 1906), E. Sunde & 
Co., Ltd., Oslo, Norway. 

TOBIN, George J. (if 1905), Owner, vSanitary, 
Htg. & Vtg. Engr., 187 North Ave., Plainlield, 
N. J. 

TOBIN, John F, (A 1934), Salesman, American 
Blower Corp., Rm. 1404, 228 N. LaSalle St., 
Chicago, 111. 

TOONDER, Clarence L. (if 1933), Air Cond. 
Engr., Sales Engrg. Dept., Kelvinator Corp., 
Plymouth Rd., and (for mail), 12761 Stratmoor 
Ave., Detroit, Mich. 

TORNQUIST, Earl L. (.4 1934), Supervisor, 
Distribution Operation (for mail), Public Service 
Co. of North Illinois, 72 W. Adams St., Chicago, 
and 465 Parkside Ave., Elmhurst, 111, 

TORR, Thomas W. (if 1933), Chief Engr., The 
Rudy Furnace Co., iK O. Box 73, Dowagiuc, 
Mich. 

TORRANCE, Henry (if 1933), Pres., 175 
Christopher St., and (for mail), 112 East 17th 
St., New York, N. Y. 

TOUTON, R. ]>. (if 1933), Tech. Director (for 
mail), Bayuk Cigars, Inc., Ninth and Columbia 
Ave., Philadelphia, and 19 Lodges Lane, Cynwyd, 
Pa. 

TOWER, Elwood S. (Af 1830). Engr., 1114 
Koppers Bids., .nnd (for mail), 1411 wightman 
St., Pittsburgh, Pa- 

TRANE, Reuben N.*** (if 1915), Pres, (for mail), 
The Trane Co., and 126 South 15th St., LaCrosse, 
Wis. 

TRAUGOTT, Mortimer {A 1930), East Sales 
Mgr. (for mall), Bryant Heater & Mfg. Co., 152 
North 15th St., Philadelphia, and 721 Meeting 
House Rd., Elkina Park, Pa. 

TREADWAY, Quentin {J 1932), Sales Engr. (for 
mail), Glarage Fan Co., 707 Security Bank Bldg., 
and 2618 Collingwood, Toledo, Ohio. 

TRIMMER, Charles M. U 1935: S 1938). 
Inspection and Testing, Rocklaaa Light 8s 
Power Co., 165 Pike St., and (for mall), 28 
Prospect St., Port Jervis, N. Y. 

TROSKE, Joseph J. (A 1981), Vice-Pres. and 
Gen. Mgr. (for mail). Vander-Troske Co., 236 
Winter Ave. N.W., and 283 Brown St. S.E., 
Grand Rapids, Mich. 

TRUITT, Joseph E. C^kf 1920; A 1911). Pres., 
Autovent Fan 8 e Blower Co., 1805 N» Kostner 
Ave., Chicago, III, 

TRULSON, Arthur F. (ikf 1930), Mech, Engr,, 
1609 W. Sixth St„ Ashland, Wla, 

TRUMBO, SUas M. (A 1926), Sales (for mil), 
Buffalo Forge Co., 20 N. Wacker Dr., Chicago, 
and 921 Fmnklin St., Downers Grove, III. 

THUMP* Charles G. {M 1934), Pres, and M. f, 
(for mail!, James Spear Stove & Htg, Co., IBaS 
Market St., Philadelphia, and 603 Baird Rd., 
Marion, Fa. * 

TUGREE, FranR N- (if 1926}, Field Engr., Ilg 
Electric Vtg. Co., Room 11% 13 IParlT Row, 
New York, and (for mail), W Whah^ St., 
Freeport, L. I„ N. ¥. 
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TUCKERMAN, George E. (M 1932), Mgr. 
Philadelphia Br., Air Cond. Div. (for mail), 
York Ice Machinery Corp., 1238 North 44th St., 
and 6202 Ogontz Ave., Philadelphia, Pa. 

TURLAND, Charles H. (ikf 1934; A 1930), Mgr., 
Htg. and Vtg. Dept., Kipp-Kelly, Ltd., 68 
Higgins Ave., and (for mail), 325 Centennial St., 
Winnipeg, Man., Canada, 

TURNAU, Edmund H. (7 1935; S 1933), Cadet 
Engr.. Koppers Seaboard By-Product Coke Co., 
and (for mail), 23 Polifly Rd., Hackensack, N. J. 

TURNER, George G. (A 1934), Western Repr. 
(for mail), Heating and Ventilating, 228 N. 
LaSalle St., Chicago, and 803 Elmwood Ave., 
Evanston, 111. 

TURNER, John (M 1930), Sales Engr. (for mail), 
Minneapolis-Honeywell Regulator Co., 285 
Columbus Ave., Boston. Mass., and Contoocook, 
N. H. 

TURNER, John W. (M 1928), Chief Engr. (for 
mail). Pacific Steel Boiler Div., Box 1488, 
Detroit, and 26031 Concord Rd., Royal Oak, 
Mich. 

TURNER, Mebane E. (M 1934), Mech. Engr., 
R. J. Reynolds Tobacco Co., and (for mail), 
643 Holly Ave., Winston Salem, N. C. 

TURNO, Walter G. W. (M 1917; A 1912), Secy., 
H. W. Porter & Co.. Newark, and (for mail), 
71 Lafayette Ave., East Orange, N. J. 

TUSCH, Walter (M 1917), Htg. and Vtg, Engr., 
Tenney & Ohmes, lnc„ 101 Park Ave., New 
York, and (for mail), 881 Sterling PI., Brooklyn, 
N. Y. 

TUrrUE, George H.* (7 1934), Htg. Engr. (for 
mail), The Detroit Edison Co., 2000 Second Ave., 
and 982P Belle Terre, Detroit, Mich. 

TUTTLE, J. Frank (M 1913), &iles Agent (for 
mail), Warren Webster Co., Kewanee Boiler 
Corp., 127 Federal St., Boston, and 2 Elmwood 
Ave., Winchester, Mass. 

TUVE, George L.*** (M 1932), Asso. Prof, of Mech. 
Engrg. (for mail), Case School of Applied Science, 
and 1294 Cleveland Heights Blvd., Cleveland, 
Ohio. 

TWIST, Charles F. (M 1921), Secy, (for mail), 
Aahwell-Twist Co., 907 Thomas St., and 2310 
Tenth Ave. N., Seattle, Wash. 

TYLER, Roy D. (M 1928), East Sales Mgn (for 
mail), Modine Mfg. Co., 101 Park Ave., New 
York, and 15 Highbrook Ave., Pelham, N. Y. 

TYSON, William H. (M 1928), Mgr. of Engrg. 
(for mail), Goodyear Tyre Rubber Co., Ltd., 
and “Kipewa*’ C^odsall Rd. N.R., Wolver- 
hampton, England. 


U 

UHL, Edwin J. iM 1925), Uhl Co., 132 S. Tenth 
St., Minneapolis, Minn. 

UHL, WiUiard F. {M 1918), (for mail), Uhl Co., 
132 S. Tenth St„ and 4716 Lyndal© Ave. S., 
Minneapolis, Minn. 

UHLHORN, W. J. (ikf 1920), 733 S, Highland 
Ave., Oak Park, III 

ULLMAN, Herbert G.^ (A 1028), Mgr, Mech. 
Product Development Lab., American Radiator 
Co„ P. 0. Box 856, Second St., Beechwood Ave., 
New Rochelle, and (ior mail), 107 White Rd., 
Scaradale, N. Y. 

URDAHL, Thomas H. (M 1980), Consulting 
Engr. (for mail). 726 Jackson PI. N.W., and 
16(^4th St. N.W., Washington, D. C. 


VALE, Hernr A. L* (ikf 1020), Managing Director 
(for mail), Vale Co., Ltd., 14W8 Amagh St., 
christchureh, and !M1 Ham 3M., Fenaalton, 
Chtistchurch, New Zealand. 

VAN ALBN, Wiater T.^(M 1024). Htg, and Saigs 

g ngr. (for mail), 1610 Sevang Ave., and 1300 
arhngton Rd., Beav^ Falls, Pa, 


VAN ALSBURG, Jerold H. (M 1931), Engr., 
Hart & Cooley Mfg. Co., and (for mail), R. No. 3, 
Holland, Mich. 

VANCE, Louis G. (il7 1919), Partner (for mail). 
Vance-McCrea Sales Co., West 27th and Sisson 
Sts., and 3800 Egerton Rd., Baltimore, Md. 

VANDERHOOF, Austin L. (A 1933), (for mail), 
A. L. Vanderhoof, Inc., 2341 Carnegie Ave., 
Cleveland, and 3120 Yorkshire Rd., Cleveland 
Heights, C)hio. 

VAN HORN, Howard T. (A 1933), Dist. Mgr., 
Detroit Stoker Co., 1217 McKnight Bldg., and 
(for mail), 4537 Grand Ave., Minneapolis, Minn, 

VERMERE, Earl J. (M 1929), Sales Engr., 
Kewanee Boiler Corp., Warren Webster & Co., 
2341 Carnegie Ave., Cleveland, and (for mail), 
2125 Wyandotte Ave., Lakewood, Ohio. 

VERNIER, Marcel G. (7 1935; .S 1933), 730 Hill 
Ave., Wilkinsburg, Pa. 

VERNON, J. Rexford (M 1928; A 1926). (for 
mail), Johnson Service Co., 1355 Washington 
Blvd., Chicago, and 1020 Austin St., Evanston, 
111 . 

VETLESEN, G. Unger {M 1930), 3 East 84th St., 
New York, N. Y. 

VINCENT, Paul J. (M 1931), Paul J. Vincent Co., 
2133 Maryland Ave., and (for mail), 3807 Beech 
Ave., Baltimore, Md. 

VINSON, Neal L. (7 1935; S 1932), 630 Clyde St., 
Pittsburgh, Pa., and (for mail), Box 3007, Lowell, 
Ariz. 

VIVARTTAS, E. Arnold (M 1910), Consulting 
Engr., 121 Parkside Ave., Brooklyn, N. Y. 

VOGEL, Andrew (M 1926), Engr. (for mail), 
General Electric Co., and 1821 Lenox Rd., 
Schenectady, N. Y. 

VOGELBACH, Oscar (M 1923), 23 William St., 
North Arlington, N. J. 

VOGT, John H. (A 1925), Mech. Engr. (for mail), 
New York State Dept of Labor, 80 Centre St., 
New York, and 87 Grant Ave., Brooklyn, N. Y. 

VOGT, Joseph B. (M 1933; A 1933; 7 1929), 
130<t Grayton Rd., Grosse Point Park, Mich. 

VOISINET, Walter E. (M 1930), Sales Repr. (for 
mail), Buckeye Blower Co., 250 Delaware Ave., 
Buffalo, and 151 Warren Ave., Kenmore, N. Y. 

VOLK, Joseph H. (M 1923), Pres, and Treas. (for 
mail), Thos. E. Hoye Htg. Co., 1906 W. St. Paul 
Ave., and 2965 South 43rd St., Milwaukee, Wis, 

VROOME, Albert E. (M 1932), Engr., E. I. 
duPont deNemours & Co., duPont Bldg., 
Wilmington, Del., and (for mail), 412 Morton 
Ave,, Rutledge, Pa. 


W 


WACHS, Louis J. (7 1930), Engr., Carrier Engrg. 
Corp., Chrysler Bldg., New York, and (for mail), 
354 East 21st St., Brooklyn, N. Y. 

WAECHTER, Herman P. (A 1930; 7 1927), Air 
Cond. Engr., York Ice Machinery Com., Brook- 
lyn, and (tor mail), 89 Sherman Ave., Tompkina- 
vine, N. Y. 

WAGNER, A. M. (A 1921), Mgr. (for mail), 
American Radiator Co., 1741 W. St, Paul Ave., 
and 1867 N. Prospect Ave., Milwaukee, Wis. 

WAGNER, Frederick H.. Jr, (M 1934). Mgr, Air 
Cond. Dept., New York Office (for mail), 
American Blower Corp., 401 Bros^dway, New 
York, and 1126 Post Rd., Scaradale, N. Y. 


WAITE, Harry (A 1920). 1409 North 17th St., 
Superior, Wis. 

WALDON, Charles D. (A 1932), Consulting 
Engr., Spencer Foundry Co., Penetang, Ont,, 
and (for mail), 82 Femdale Ave., Toronto, 
Ont„ Canada. 

WALKER, Alexander (A 1925). Br. Mr. (for 
mail), C. A. Dunham Co,, Ltd., 1807 Fifth St, 
W., and 603-13th Ave. W., Calgary* Alberta, 
Canada. 


WALKER, Edmund R. (M 1934), Sales Mgr., 
Htg. Div* (for mail), Feddera Mfg. Co., Inc^ 67 
Tonawanda St., and 696 Crescent Ave., Buffalo, 


N. Y. 
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WALKER, J. Herbert=f‘ (M 1916), Supt. of 
Central Htg. (for mail), The Detroit Edison Co., 
2000 Second Ave., Detroit, and 432 Arlington Rd., 
Birmingham, Mich. 

WALKER, William Kirby (M 1935), Develop- 
ment Engr., American Radiator Co., 40 West 
40th St., New York, N. Y. 

WALLACE, George J. (M 1923), Principal 
96-19-35th Ave., Corona, and (for mail), 27-36 
Ericsson St., East Elmhurst, N. Y. 

WALLACE, James Bee (A 1935), Dist. Repr., 
Taco Heaters, Inc., New York, N. Y., and (for 
mail), 16921 Sorrento Ave., Detroit, Mich. 

WALLACE, Kenneth S. (M 1931), Htg. Engr., 
Peoples Gas Light & Coke Co., 1520 Milwaukee 
Ave., and (for mail), 5737 Kenmore Ave., 
Chicago, 111. 

WALLACE, William M, II (M 1929), Air Cond. 
and Htg. Contractor, 192 Lexington Ave., New 
York, and (for mail), S908-196th St., Hollis, 
L. I., N. Y. 

WALLICH, A. C. (M 1919), Wallich Ice Machine 
Co., 517 E. Lamed St., and (for mail^ 1GG7 
Burlingame Ave., Detroit, Mich. 

WALSH, James A. (A 1032; J 1929), Pres, and 
Mgr. (for mail), James A. Walsh, Inc., Architects 
Bldg., Philadelphia, and Gwynedd Valley, Pa. 

WALSH, J, Lee (A 1934), Sales Mgr. and Engi.. 
May Oil Burner Corp., Maryland and Oliver 
Ave., and (for mail), Temple Ct. Apts., 34th and 
Guilford Ave., Baltimore, Md. 

WALTERS, Arthur L. (ikf 1926; A 1925; J 1924), 
7284 Richmond PI,, Maplewood, Mo. 

WALTERS, William T. (M 1917), Engr., Illinois 
Engrg. Co., Corner 21st St. and Racine Ave., and 
(for mail), 7965 Phillips Ave., Chicago, 111. 

WALTHER, Vernon H. (M 1928; J 1925), Mech. 
Engr., 6821 Osceola Ave., Edison Park, Chicago, 
ill. 

WALTERTHUM, John J. (A 1922), Htg. Con- 
tractor, 173 East 62nd St., New York, N. Y., and 
(for mail), 42-A Van Reipen Ave., Jersey City, 
N. J. 

WALTON, Charles W., Jr. (M 1934). Mech. 
Engr. (for mail), Rockefeller Center, Inc., 30 
Rockefeller jPlaza, New York, N. Y., and 120 
Monte Vista Ave., Ridgewood, N. J. 

WANDLESS, Franklin W. (M 1925), Registered 
Engr. (for mail), 1518 Fairmount Ave., Phila- 
delphia, and Berwyn, Pa. 

WARD, Frank James (M 1935), The Frank J. 
Ward Co., Cold Spring, Ky. 


WATSON, M. Barry (iV7 1928), Consulting Engr., 
121 Welland Ave., Toronto 5, Canada. 

WAUNG, Tsing F. (J 1933), Htg. Engr., Ander- 
sen, Meyer & Co., Ltd., and (for mail), No. 16, 
Lane 152, Edinburgh Rd., Shanghai, China. 

WEBB, John S. (M 1920), 16 Brookline St., 
Needham, Mass. 

WEBB, John W. (M 1926), Managing Dir., Webb 
Dust Removing & Drying Co., Ltd., Princess St. 
Works, and (for mail), 6 Meadows Rd., Heaton 
Chapel, Stockport, England. 

WEBSTER, E. Kessler (M 1915), Warren Webster 
& Co., 17th and Federal Sts., Camden, N. J. 

WEBSTER, Warren (Life Member; M 1906; 
A lS99h Warren Webster & Co.. 17th and 
Federal Sts., Camden, N. J. 

WEBSTER, Warren, Jr. (M 1932; A 1932; 
J 1927), Vice-Pres-Treas. (for mail), Warren 
Webster & Co., 17th and Federal Sts., Camden, 
and Washington Ave. and Colonial Ridge, 
Huddonfield, N. J. 

WEGHSBERG, Otto (M 1932), Pres, and Gen. 
Mgr., Coppus Engrg. Corp., 344 Park Ave., and 
(for mail), 1006 Main St., Worcester, Mass. 

WEGMANN, Albert (M 1918), 0206 North 17th 
St., Philadelphia, Pa. 

WEIL, Martin (A 1925), Vice-Pres. (for mail), 
Weil-McLain Co., 641 W. Lake St., and 4259 
Hazel Ave., Chicago, 111. 

WEIL, Maurice I. (A 1928), Pres, (for mail), 
Chicago Pump Co., 2336 W^olfram St., and 1409 
Elmdale Ave., Chicago, 111. 

WEIMER, Fred G. (A 1919), aalesraan, Kewanee 
Boiler Corp., 1741 W. St. Paul Ave., and (for 
mail), 3958 N. Stowcll Ave., Milwaukee, Wia. 

WEINSHANK, Theodore* (Life Member; M 
1906), 0oard of (Governors, 1013), 3307 Bolden 
Ave., Chicago, 111. 

WEISS, Arthur P. (J/ 192S), 134 Farrington 
Ave., North Tarry town, N. Y. 

WEISS, Carl A. (A 1924), Supt. (for main, 
Kornbrodt Kornice Ko., 1811 Troost Ave., and 
29 East 68th St., Kansas City, Mo. 

WEITZEL, Paul IL (S 1934), Cameron B. 
Weitzcl, and (for mail), 122 K. High St„ Man- 
heirn, lAi. 

WELCH, Louis A., Jr. (A 1929), 443 Second St., 
Schenectady, N. Y. 

WELDY, Lloyd O. (M 1930), Sales Engr. (for 
mail), Powers Regulator Co., 2720 Greenview 
Ave., and 2846 North 77th Ave., Chicago, 111. 

WELSH, Harry S. (M 1906), Sales Engr., Weil- 
McLain Co., and (for mail), 53 Kemphurat Rd., 
Rochester, N. Y. 


WARD, Oscar G. (M 1919), Dist. Repr. (for mail), 
Johnson Service Co., 1230 California .St., and 
1607 Jasmine St., Denver, Colo. 

WARING, J. M. S, (M 1932), Cumsulting Engr. 
(for mail), Chase & Waring, 17 East 42nd St., 
and 277 Park Ave,, New York, N. Y. 

WARREN, Clarence N. (M 1919), Vice-Pres., 
Hayes Bros., Inc., 236 W. Vermont St., and (for 
mad), 419 East 48th St., Indianapolis, Ind. 

WARREN, Francis C. (M 1934), Salesman (for 
mail), American Blower Corp,, 228 N. LaSalle 
St., Chicago, and 127 East Ave., Park Ridge, 111. 

WARREN, Harry L. (M 1930), 1303 Huntington 
Dr., South Pasadena, Calif. 

WASHBURN, Marcus J* (A 1934), Insulation 
Engr. (for mail), Eagle- Picher Lead Cq., Temple 
Bar Bldg., and 2211 Park Ave., Cincinnati, Ohio. 

WASHINGTON, Georfee (M 1934), Sales Engr. 
(for mail), Hoffman Specialty Co., 130 N. Wells 
St., Chicago, and 4327 Johnson Ave., Western 
Springs, in. 

WASHINGTON, Laurence W. (M 1929), 2301 
Knox Ave., Chicago, 111, 

WATERMAN, John H. (M 1931), Engr. (for 
mail), Chas. T. Main, Inc., 201 Devonshire St., 
Boston, and 7 Centre St., Cambridge, Mass, 

WATERS, George G. (M 1931; A 1926), Dist. 
Mgr. (for mall), American Blower Corp., 1433 
Oliver Bldg., and 52 Vernon Dr., Pittsburgh (16), 
Fa. 


WELTER, M. A. (A 1925) (for muil). Twin Citv 
Furnace Co., 410-12 W. Lake St., and 4306 is, 
Garfield, Minneapolis, Minn, 

WENDT, Edgar F. (M 1918), Pres, (for mail), 
Buffalo Forge Co., 490 Broadway, and 120 
Lincoln Pkwy., Buffalo, N, Y. 

WEST, Perry* (M 1911), (Council, 1920-1925; 
Treas., 1924-1925), Consulting Engr. (for mail), 
13 Central Ave., and 445 Ridge St., Newark, N. J. 

WETZELL, Horace E. (M 1934), Chief Engr, (for 
mail). The Smith Ik Oby Co,, 6X07 Carnegie 
Ave,, and 8796 Elsraere Dr., Cleveland, Ohio. 

WHAIXON, Fletcher (S 1935), 3852 I.yndale 
Ave. S., Minneapolis, Minn. 

WHEELER, Otto J. (M 1923), Prea-Treas. (for 
mail), The ^muel A. Essweln Htg. 8c Plbg. Co., 
54!^558 W. Broad St., and 2044 Collingswoo^ 
Rd,, Columbus, Ohio, 


WHELLER, Harry S. (M 1016), Vice-Pres., L. J. 
Wing Mfg. Co., 154 West 14th St„ New York, 
and (for mail), 725 Union Ave., Elhabeth, N, J. 
WHITE, Eugeue B, (M 1934), Architect and 
Engr. (for mail), Y, M. C, A., 19 S, La&lle St., 
Taylor Ave., Oak Park, III 
WHITE, Everett A. (M 1921), Engrg. Dept., 
Crane Co., 30 South 10th St., and CK»r mail), 
6244 Nottingham St., St, Lemis* Mo, 

WHITE, Elwood S. (M 1921), Pres, (for mall), 
Taco Heaters, Inc., Room 1224, 342 Mad&on 
Ave., New YorL N. Y., and Meadowbank Rd., 
Old Greenwich, Conn. 
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WHITE, John C. (H 1932), State Power Plant 
Engr. (for mail), (324 E. Main St., and 622 E. 
Main St. Madison, Wis. 

WHITELAW, H. Leigh (J/ 1916), Vice-Pres. (for 
mail), American Gas Products Corp., 40 West 
40th St., New York, N. Y., and Overbrook Lane, 
Darien, Conn. 

WHITELEY, Stockett M. {M 1933), Consulting 
Engr. {.for mail), Baltimore Life Bldg., and 3931 
Canterbury Rd., Baltimore, Md. 

WHITMER, Robert P. (M 1935), Secy., American 
Foundry & Furnace Co., and (for mail), 1402 E, 
Washington St., Bloomington, 111. 

WHITSON, Lee S. (S 1935), 4811 Harriet Ave.. 
Minneapolis, Minn. 

WHI'ETALL, Ernest T. (A 1933), Vice-Pres. (for 
mail), May Oil Burner of Canada, Ltd., 196 
Adelaide St. W., and 11 Cottingham Rd., 
Toronto, Ont., Canada. 

WIEGNER, Henry B. (A/ 1919), Mgr., Boston 
Office, Johnson Service Co., 20 Winchester St., 
Boston, and (for mail), 143 Standish Rd., Water- 
town, Mass. 

WIERENGA, Peter O. (A 1931), Vice-Pres. (for 
mail), C. C. James Co., 49 Coldbrook St. N.E., 
and 231 Brown St. S.E., Grand Rapids, Mich. 

WIGGINS, Oswald James (J 1935; S 1933), 
Walnut Grove, Minn. 

WIGGS, G. Lome (A 1932; J 1924), Consulting 
Engr. (for mail), University Tower, and 4797 
Grosvenor Ave., Montreal, (jue., Canada. 

WIGLE, Bruce M. (A 1926), Pres, (for mail), 
Bruce Wigle Plbg. & Htg. Co., 9117 Hamilton 
Ave., and 18114 Oak Dr., Detroit, Mich. 

WILDER, Edward L. (M 1915), Mgr., Gas Sales 
(for mail), Utility Management Corp., 120 Wall 
St„ New York, and 149 Mt. Joy Place, New 
Rochelle, N. Y. 

WILEY, Edgar C. (M 1909), Wiley & Wilson, 
Lynchburg, Va. 

WILHELM, Joseph E. {S 1934), 1355 West 87th. 
Cleveland, Ohio. 

WILKINSON, Farley J. (M 1933), Engr., 
Montgomery Ward & Co., Chicago, and (for 
mail), 18257 Martin Ave., Homewood, 111. 

WILLARD, Arthur Gutts*" (A4 1914), (Presi- 
dential Member), (Pres., 1928; lat Vice-Pres., 
1927; 2nd Vice-Pres., 1926; Council, 1926-1929), 
Pres, (for mail), University of Illinois, President s 
Office, and 711 Florida Ave., Urbana, 111. 

WILLEY, Earl C. (M 1934), Mech. Kngrg. 
Instructor, Oregon State College, and (for mail), 
1652 “A’' St., Corvallis, Ore. 

WILLIAMS, AUoii W. (A 1015), Managing Dir- 
ector (for mail), National Warm Air Htg, ^ Air 
Conditioning Assn., 50 W. Broad St., Columbus, 
and 51 Meadow Park Ave., Boxley, Ohio. 

WILLIAMS, Frank H. U 1934), Air Cond. 
Tester, Frigidaire Div., General Motors, Frlgi- 
daire Corp., and (for mail), 14 Grand Apts., 
Dayton, C)hio. 

WILLIAMS, J. McFarland, Jr. (A 1928; J 1927), 
Sales Engr., 1407-35th St. N.W,, Washington, 
D. C, 

WILLIAMS. J. Walter (Jkf 1916), Pres, (for mail), 
Forest City Plbg. Co.. 382-36 E. State St., and 
923 E. State St., Ithaca, N. Y. 

WILIAMS, Leo B. (A 1933; J 1930), Viscose 
Co,, and (for mail), o27 Liberty St., Meadville, 
Pa. 


WILLIS, Leonard L, (S 1936), 1212 Oliver N., 
Minneapolis, Minn. 

WILMOT, Charles S. (M 1919). (for mail), 106 
South 16th St., Philadelphia, and 406 toex Ave., 
Narberth, Pa, 

WILSON, Georg© T. {M 1926), Sales Engr., 
Gurney Founds Co.. Ltd., 4 Junction Rd., 
Toronto, and (for mail). Tyre Ave., Islington, 
Ont., Canada. 

WILSON, Harold A„ Jr. (J 1933). General Sales 
Dept, American Radiator Co., 40 West 40th St, 
and (for mail), 1133 Park Ave., New York. N. Y. 


WILSON, Raymond W, (M 1934), Member of 
Firm (for mail), Wilson-Brinker Co., 412 Pythian 
Bldg., and 429 Creston Ave.. Kalamazoo, Mich. 

WILSON, W. H. (A 1932), Steamfitter Foreman, 
Pullman Car & Mfg. Corp., 11001 Cottage 
Grove Ave., and (for mail), 22 West llOth PI., 
Chicago, 111. 

WILSON, William H. (A 1923), Br. Mgr. (for 
mail), Johnson Service Co., 507 E. Michigan St., 
and 2023 E. Olive St., Milwaukee, Wis. 

WINANS, Glen D. (M 1929), Engr. of Steam 
Distribution (for mail), The Detroit Edison Co., 
2000 Second Ave., and 161S3 Wisconsin, Detroit, 
Mich. 

WINQUIST, Walter J. (A 1930), Htg. and Vtg. 
Engr., 294 Nostrand Ave., Brooklyn, N. Y. 

WINSLOW, C.-E. A.* (M 1932), Prof, of Public 
Health (for mail), Yale University, 310 Cedar 
St., and 314 Prospect St., New Haven Conn. 

WINTERBOTTOM, Ralph F. (M 1923), Htg. 
Engr., Winterbottom Supply Co., Commercial 
and Miles, and (for mail), 1002 Riehl St, Water- 
loo, Iowa. 

WINTERER, Frank C. (M 1920), Sales Mgr. (for 
mail), Cochran Sargent Co., Broadway and 
Kellogg Blvd., and 836 Juno St., St. Paul, Minn. 

WINTHER, Anker (J 1932), Air Cond. Engr., 
York Ice Machinery Corp., 2116 Gilbert Ave., 
Cincinnati, Ohio. 

WISE, Daniel E. (S 1934), 10805 Lee Ave., 
Cleveland, Ohio. 

WITMER, Charles N. (J 1930), Dist. Dealer 
Supv. (for mail), Carrier Engrg. Corp., 2022 
Bryan St, and 4154>ii Prescott St., Dallas, 
Texas. 

WORSE, Carl F. (M 1934), Consulting Engr. (for 
mail), Robson & Woese, Inc., 1001 Burnet Ave., 
and 256 Robineau Rd., Syracuse, N. Y. 

WOFIL, Maurice W. (M 1934), Engr., American 
Insulating Corp., 377 Atlantic Ave., and (for 
mail), 32 Lenox Rd., Brooklyn, N. Y. 

WOLF, J. C. (M 1923), Drafting Room Engr. (for 
mail), B. F. Sturtevant Co., and 44 Central Ave., 
Hyde Park, Mass. 

WOOD, Frederick C. (J 1931). Sales Air Cond. 
Engr. (for mail), Westerlin & Campbell Co. 
(Agents York Ice Machinery Corp.), 1113 
Cornelia Ave., and 1005 Estes Ave., Chicago, 111. 

WOOD, J. Sydney (M 1926), Estimator (for 
mail), Bennett & Wright, Ltd., 72 Queen St. E., 
and 163 Briar Hill Ave., Toronto, CJnt., Canada. 

WOODMAN, L. E, (M 1934), Pres, (for mail), 
Woodman Appliance Sc Engrg. Corp., 203 E. 
Capitol, and 1014 Fairmount, Jefferson City, 
Mo. 

WOODRUFF, Wilbur J. (M 1933), Woodruff 
Coal Co., 206 N. Broadway. Urbana, 111. 

WOODS, Edward H. (M 1934). Prop, (for mail), 
F. H. Higgins. 311 K. State St., and ilook PL, 
Ithaca, N. Y. 

WOOLLARD, Mason S. (M 1934), Draftsman. 
H. H. Angus Consulting Engr., 1221 Bay St., and 
(for mail), 31 Hillcrest Park Ave., Toronto, Ont., 
Canada. 

WOOLSTON, A, H. {M 1919), 2015 Sansom St., 
Philadelphia, Pa. 

WORSHAM, Herman (M 1925; J 1918), Frigi- 
daire Sales Corp., Dayton, Ohio, and (for mall), 
103 N. Walnut St., East Orange, N. J. 

WRIGHT, Clarence E. {J 1935; S 1933), Part- 
time Instructor in Htg., Carnegie Institute of 
Technology, Carnegie Tech., and (for mail), 270 
N. Belleheld Ave.,. Pittsburgh, Pa. 

WRIGHT, Kenneth A. (M 1921), Johnson 
Service Co., 1113 Race St., Cincinnati, Ohio., 
and 113 Orchard St., Ft. Mitchell, Ky. 

WRIGHT, M, Birney (A 1932; J 1929), Asst. 
Prof, of Mech. Engrg. (for mail), The Drexel 
Institute, Philadelphia, and 223 Essex Ave., 
Narberth, Pa. 

WUNDERLICH, Milton S.* (M 1925), lasulitff 
Co., Minneapolis, and (for mail), 1598 Laurel 
Ave., St. Paul, Minn, 
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WYLIE, Howard M. (M 1925; J 1917), Vice- 
Pres. in charge of Sales (for mail), Nash Engrg* 
Co., and 51 Elmwood Ave., South Norwalk, 
Conn. 

WYMORE, Fred C. (J 1935; S 1933), 100 West- 
port Rd., Kansas City, Mo. 


Y 

YAGER, John J. (M 1921), 425 Woodbridge 
Ave., Buffalo, N. Y. 

YAGLOU, Constantin P.* (M 1923), Asst. 
Prof, of Industrial Hygiene (for mail), Harvard 
School of Public Health, 55 Shattuck St., Boston, 
and 10 Vernon Rd., Belmont, Mass. 

YARDLEY, Ralph W. (M 1920), Asst. Archt., 
Board of Education, City of Chicago, 228 N. 
LaSalle St., Room 568, Chicago, 111., and (for 
mail), c/o Judge J. W. Galbraith, Farmers Bank 
Bldg., .Suite 601, Mansfield, Ohio. 

YATES, George L. (5 1934), Oklahoma University, 
Albert Pike Hall, Norman, and (for mail), 1220 
Johnstone, Bartlesville, Okla. 

YATES, James E. (M 1934), Mgr. (for mail), 
Yates, Neal & Co., 231 Tenth St., and 431-16th 
St., Biandon, Manitoba, Canada. 


YATES, Walter (L^'/e Member', M 1902), Govern- 
ing Dir. (for mail), Matthews cV Yates, Ltd., 
Cyclone Works, and Parksend Swinton, Man., 
England. 

z 

ZACK, Hans J. {M 1928), Zack Co., 2311 Van 
Buren St., Chicago, III. 

ZIBOLD, Carl Edward (M 1929), Mech. Engr., 
Htg. and Vtg. Co., Colonial Terrace, West- 
minster Ridge, White Plains, N. Y. 

ZIESSE, Karl L. (A 1931), Secy-Treas. (for mail), 
Phoenix Sprinkler & Htg. Co., 115 Campau 
Ave. N.W., and 315 Hampton Ave. S.E., Grand 
Rapids, Mich. 

ZIMMERMAN, Alexander H. (A 1930), Venti- 
lation Engr., Chicago Board of Health, 707 
City Hall, and (for mail), 5147 N. St. Louis 
Ave., Chicago, 111. 

ZINK, David D. (M 1931), Consulting Engr. (for 
mail), Zink Home and Bldg. Service, 225 Plai:a 
Theatre Bldg., Kansas City, and Hickman’s 
Mill, Mo. 

ZOKELT, G. G. (M 1921), Consulting Engr., 
3S10-24th Ave. S., Seattle, Wash. 

ZUHLKE, William R. (A/ 1928), 530 McLean 
Ave., Yonkers, N. Y. 
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Summary of Membership 

(Corrected to January 1, 1935) 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

District of Columbia. 

Florida 

Georgia 

Illinois. 

Indiana 

Iowa 

Kansas 

Kentucky.... 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Missouri 


Australia 

Belgium 

Canada 

China 

Czechoslovakia 

Denmark.. 

England 

France 

Germany 

Holland , 

India...... 

Ireland 

Italy 


UNITED STATES 

1 Montana 

3 Nebraska... 

3 New Jersey 

34 New York 

5 North Carolina 

30 North Dakota 

5 Ohio 

16 Oklahoma 

3 Oregon 

6 Pennsylvania 

195 Rhode Island 

18 South Carolina 

6 Tennessee 

2 Texas 

6 Utah 

3 Vermont 

4 Virginia 

21 Washington 

103 West Virginia 

94 Wisconsin 

117 

81 

FOREIGN COUNTRIES 

3 Japan 

1 Mexico 

89 Now Zealand 

9 Norway.... 

1 Phillipine Islands 

1 Scotland 

16 South Africa 

8 Sweden 

2 U. S. S. R 

1 

1 

1 

3 Total Membership. .... 


SUMMARY OF MEMBERSHIP BY GRADES 


Honorary Members 2 

Presidential Members 23 

Members........ 1156 

Associate Members.......... 339 

Junior Menabers..... 233 

Student Members........ 97 


3 

2 

100 

357 

7 

1 

101 

27 

1 

210 

5 
2 

6 
21 

1 

3 

12 

24 

5 

50 

1694 


5 

3 

3 

2 

1 

1 

1 

3 

1 

156 

1850 
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LIST OF MEMBERS 
Geographically Arranged 


UNITED STATES 


ALABAMA 

Birmingham — 
Lichty, C. P. 

ARIZONA 

Tucson — 

Moreau, D. 
Phoenix- 
Keys, L. F. 
Lowell— 

Vinson, N. L. 

ARKANSAS 

Fort Smith— 
Herrick, L. 

Pine Bluff — 

Greer, W. R. 
Siloam Springs — 
Jones, C. R. 

CALIFORNIA 

Berkeley — 

Duncan, G. W., Ji- 
Beverly Hills— 
Nelson, H. A. 
Huntington Park — 
Bamum, W. F., Jr. 
Los Angeles— 
Anderson, 

Binford, W. M. 
Bullock, H. H. 
Cranston, W, E,, Jr. 
Ellingwood, E. L. 
Hill, F. M. 

Holliday, W. L. 
Hungerford, L. 
Kendall, E, H. 
Kennedy, M. 
Kooistra, J. F. 

Ness, W, H. C. 
OreaL A, G, 

Ott, 0. W. 

Park, J, F. 

Pierce, E. D. 
Polderman, L. H. 
Scodcld, P, C. 
Simonds, A. H. 

Oakland— 

Cummings, G. J. 
Pasadena— 

Gifford, R, L. 

San Diego 
Sadler, C. B. 


San Francisco — 
Bouey, A. J. 
Cochran, L. H. 
Corrao, J. 

Haley, H. S. 
Hudson, R. A. 
Krueger, J. I. 
Leland, W. E. 
Scott, W. P., Jr. 

South Pasadena — 
Warren, H. L. 

COLORADO 

Colorado Springs— 
Davis, A. F. 
Jardine, D. C. 

Denverr— 

McQuaid, D. J. 
O’Rear, L. R. 
Ward, 0. G. 

CONNECTICUT 

Bridgeport— 

Failc, K. H. 

Smak, J. R, 

Fairfield— 

Osborn, W. J, 
Greenwich — 

Jones, A. L. 
Opperman, E. F. 

Manchester— 

Buck, L. 

Millard, J. VV. 

New Britain— 
Hjerpe, C. A., Jr. 

New Haven— 
Greenburg, L. 
Hughes, C. E. 
Seeley, L. E. 
Teasdale, L. A. 
Winslow, C.-E. A. 

New London— 
Chapin, C. G. 
Forsberg, W. 
Hopson, W. T. 

Nor'walk— 

Mead, E. A. 

Riverside- 
Murphy, J. R. 

South Norwalk— 
Adams, H. E. 
Harvey, A. D. 
Jennings, L C. 
Lyons, C. J. 

Wylie, H. M, 


Stamford — 
Hoyt, L. W. 

Torrington — 
Doster, A. 

Waterbury — 
Ahlberg, H. B. 
Ahlff, A. A. 
Hutzel, H. F. 
Simpson, W'. K. 
Stewart, C. W. 


DELAWARE 


Wilmington — 
Gawthrop, F. H. 
Hayman, A, E., Jr. 
Kershaw, M. G. 
Lownsberry, B. F. 
Schoenijalm, R. P. 

DISTRICT OF 
COLUMBIA 


Washington — 
Beitzell, A. K. 
Brown, W. A. 
Coward, H. 
Downes. H. H. 
Febrey, E. J. 
Feltwcll, R. H. 
Frankel, G. S. 
Gardner, S. F. 
Hood, 0. F. 
Kiczales, M. D. 
Mayette, C. PI. 
Ourusoff, L, S. 
Smallman, E. W. 
Thompson, N. S. 
UrdahL T. H. 
Williams, J. M., Jr. 


FLORIDA 


Ft. Lauderdale— 

Charlton, J. F. 

West Palm Beach 
Hodeaux, W. L. 
Pizie, S. G. 


GEORGIA 


Atlanta— 

Clare, F. W. 
Kent, L. F. 

Klein, E. W. 
McKinney, W. J. 
Templln, C. L. 
Thornton, W. B. 


ILLINOIS 


Bloomington— 
MaGirl, W. J. 

Soper, PL A. 
Whitmer, IC P. 

Chicago— 

Acberly, J. J. 
Arenberg, M. K. 
Baumgardner, C. M. 
Black, F. C. 

Holte, IL E. 

Borling, J. R. 
Bracken, J. H. 

Biaun, L. T. 

Broom, B. A. 

Brown, A. P, 

Brown, T. 

Carman, G. G. 

Casey, B. L. 
Christman, W. F. 
Close, P. D. 

Crone, C. E., Jr. 
Cunningham, T. M. 
Cutler, J. A. 

Dean, F. J., Jr. 
DeLand, C. W. 
Doherty, R. 

Dunham, C. A. 
Emmert, L. 1>. 
iCricsaon, K. B. 
ICvleth, E. B. 

Finan, J. J. 
Fitzgerald, M. J. 
Fleming, J. P. 

P'oster, T. R. 

Frank, J. M. 

Gardner, W., Jr, 
Gaylord, P\ H. 
Getschow, G. M. 
Getschow, R. M. 
Gibbs, F. C. 

Goelz, A. H. 

Gossett, 1C J. 

Graves, W. B. 

Haas, S. L. 

Haines, J. J, 

Hale, J. F, 

. Hanley, T. F., Jr. 
Hart.H. M. 

Hattia, R. K. 

Hayden, C. F. 

Hayes, j. J. 

Play ward, R, B. 
Heckel, E. P. 

Herlihy, T. J. 

Hill, Hk V. 

Plinckiey, H. B. 
Hornung, J* C. 
Horton, K F. 
Howatt, J, 

Howell, L. 

Hpbbard, G. W. 
Huatoel, A. M. 

I enninp, W. G. 
enson, J. S. 
ohn$, H. B. 
ohnton, C, W, 
Ceeney, F, P. 
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Kehm, H. S. 

Kreissl, H. G. 
Lagodzinski, H. J. 
Lautenschlager, F. 
Lawler, M. M. 

Lees, H. K. 

Lewis, S. R. 
Lockhart, H. A. 
Machen, J. T. 
Malone, D. G. 
Malvin, R. C. 
Marschall, P. J. 
Martin, A. B. 
Matchett, J. C. 
Mathis, E. 

Mathis, H. 

Mathis. J. W. 
Mathis, V. J. 

Mauer, VV. J. 

May, M. F. 
McCauley, J. H, 
McClellan, J. E. 
McDonnell, E. N. 
McFarland, W. P. 
Mcllvaine, J. H. 
Mert-i, W. A. 

Miller, F. A. 

Miller, J. E. 

Miller, R. T. 
Milliken, J. H. 
Mittendorff, E. M. 
Mueller, H, C, 
Murphy, E. T. 
Narowetz, L. L., Jr. 
Needier, J. H, 
Neiler, S. G. 

Nelson, C. L, 
Newport, C. F. 
O’Brien, J. H. 

Offen, B. 

Olsen, C. F. 

Feller, L. 

Pitcher, L. J. 

Pope, S. A. 

Powers, F. W. 
Prentice, O. J. 

Price, C, PL 
Rasmussen, R. P. 
Raymond, F. I. 
Reger, H. IC 
Reid, H. P. 

Ries, L. S. 

Rieu, E. W. 
Rottmayer, S. I, 
Sawhill, R. V. 
Scheidecker, D. B. 
Schweim, H. J. 
Seelig, U 
Shultz, E. 

Small, J, D. 

Snider, L. A. 
Spielman, G. P. 
Stannard, J, M, 
Sutcliffe, A. G, 
TMnn, C, A, 
Thomas, L, G. L. 
Thomas, R. H, 
Thommen, A. A. 
Tobin. J, F. 
Tornauist, E. L. 
Truitt, J. E. 
Trumbo, S. M. 
Turner, G. G. 
Vemon, J. R. 
Wallace. K. S, 
Walters, W. T. 
Walther, V. H. 
Warren, F, C. 
Washington, G, 
Washington, L. W. 
Well, M, 

Weil, M, L 
Weinshauk, T. 
Wddy, L. 0. 
White, E, B. 
Wilson, W. H, 


Wood, F. C. 

Zack, H. J. 
Zimmerman, A. H. 

Cicero — 

Keppner, H. W, 

Decatur — 

Shorb, W. A. 

Elmhurst— 

Potvin, L. J- 

Evanston — 

Hayes, J. J. 

Moore, R. E. 

Homewood — 
Wilkinson, PL J, 

Joliet — 

Russell, W. B. 

Kewanee — 

Bronson, C. E. 
Dickson, R. B. 
Hattman.V.SM. 
Pursell, H. E. 

LaGrang,e — 

Eaton, B. K. 

Linn, PI. R. 

Moline — 

Beling, E. PI. 
Nelson, PI. W. 
Nelson, R. H. 

Otis, G. PL 

Mt. Vernon— 
Benoist, L. L. 

Norwood Park — 
Olson, B. 

Oak Park— 
Blanding, G. H. 
May, E. M. 
Nightingale, G. PL 
Uhlhorn, W. J. 


Peoria — 
Farnsworth, J. G, 
Meyer, PL L. 
Robb, J. M. 


Rockford— 
BraaU, C. J. 
Dewey, R. P. 
Merwin, G. E, 
Sharp, H. C. 
Stewart, D. J. 


Urbana— 

Broderick, E. L. 
Fahnestock, M. K. 
Konzo, S. 

Kratz, A. P. 
Severns, W. H. 
Willard, A. C. 
Woodruff. W. J. 


VHla Park— 
Armapach, 0, W. 

Wilmette — 

Norris, W. 0, 


Winnetka— 

Ellia, E, E, 


INDIANA LOUISIANA 


Eyansville — 
Bulleit, C. R. 


Choudrant — 
Rinehart, W. R. 


Huntington — 

Smith, G. W. 
Indianapolis — 
Aramerman, C. R. 
Fenstermaker, S. E. 
Hagedon, C. H. 
Hayes. J. G. 

Kruse, R. W. 

Ott, R. C. 

Poehner, R. E. 
Shivers, P. F. 
Supple, G. B. 
Warren, C. N. 

Lafayette — 

Hoffman, J. D. 

LaPorte — 

Shrock, J. H. 

Michigan City — 
Stockwell,*^W. R. 

Peru — 

Pyle. J. W. 

Thrush. H. A. 

St. Mary-of-the- 
Woods 
Bisch, B. J. 

IOWA 


Ackley — 

Nelson, G. O. 

Cedar Rapids — 
Chandler. C. W. 

Council Bluffs — 
Huffacker, H. B. 

LoMars — 

Mathey, N. J. 

Sioux City— 

Hagan, U. V. 

Waterloo — 
Winterbottom, R. PL 


New Orleans — 
Gammill, 0. E., Jr. 
May, G. E. 


MAINE 


Auburn — 
Fowles, H. H. 
Portland — 
Pels, A. B. 
Merrill, C. J. 
Swanson, H. 


MARYLAND 


Baltimore — 

Axeman, J. E. 
Collier, W. I. 

Hall, M. S. 

Lednum, J. M. 
Leilich, R. L. 
Maccubbin, H. A. 
McCormack, D. 
Morris, E. J. 

Posey, J. 

Seiter, J. E. 
Shepard, J. deB. 
Smoot, T. H. 

Vance. L. G. 
Vincent, P. J. 
Walsh, J. L. 
Whiteley, S. M. 

Brooklyn Park — 
Rodgers, J. S. 
Chevy Chase — 

Dalla Valle, J. M. 
Ellicott City— 
Tibbets, J. C. 
Rockvllle^ — 

Brunett, A. L. 
Roland Park — 
Dorsey, P". C. 

MASSACHUSETTS 


KANSAS 


Hutchinson — 
Stevens, H. L. 


Arlington — 

Shaw, N. J. H. 
Arlington Heights— 
Tarr. H. M. 


Salina— 

Ryan, W. F. 

KENTUCKY 

Cold Spring- 
Ward, F. J. 

Ft. Thomas — 
Stevens, W. R. 
Lexington— 
O’Bannon, L. S. 
Louisville — 

'c. 


Hellstrom, J 
Murphy, H. 
Reed. W. M 


Boston- 
Archer, D. M. 
Bartlett, A. C. 
Berchtol(L E. W. 
Boyden, D. S. 
Brinton, J. W. 
Brissette, L. A. 
Bryant, A. G. 
Bullock, T. A. 
Cummins, C. H. 
Drinker, r. 
Dusossoit, E. A. 
Edwards, D. J. 
Foulds, P, A. L. 
Franklin, R. S. 
Gleason, G. H. 
Hajek, W, J. 
Herrick, D, A. 
Hilliard. C. E. 
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Hoyt, C. W. 
Keefe, E. T. 
Kelley, J. J. 
Kellogg, A. 
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Scott, C. E. 
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Siebs, C. T. 
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Torrance, H. 

Tucker, F. N. 
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(Elmhurst, L. 1.) 
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(Plollis, L. I.) 
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Wilson, H. A.. Jr. 
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(Brooklyn) 

Wohl, M. W. 

Oriskany - 
Oakey, W. K. 
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Hooper, V. F. 
Patchoque--* 
Jalonack, I. G. 

Pelham Manor 
Peacock, J. K. 

Port Jorvls — 
Trimmer, C. M. 


Rochester— 
Betlam, H. T. 
Coe. R. T. 

Cook, R. P. 
Hakes, L. M, 
IJutchina, W. H. 
Sheldon, N. E. 
Stacy, S. C, 
Welsh, H. S. 
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Lynch, W. L, 
Steele, M. G. 
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Ullman, H* G. 
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Eveleth, C. F. 
Fonda, B. P. 
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Mansfield — 
Yardley, R. W. 
Newark — 

Simpson, D. C. 
Norwood — 

Braun, J. J. 
Motz, O. W. 

Painesville — 
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Naylor, C. L. 
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Walsh, J. A. 
Wandless, F, W, 
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Wilmot, C. S. 
Woolston, A. H. 
Wright, M. B. 

Pittsburgh — 

AvSton, J. 

Beighel, H. A. 
Blackmore, G, C. 
Blackmore, J. S. 
Brauer, R. 

Burns, J. R. 

Bums, R. 

Bushnell, C. D. 

Carr, M. L. 
Cheeseman, E. W, 
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Fritz, C. V. 
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Heilman, R. H. 
Hickey, J. W. 
Houghten, F. C. 
Humphreys. C. M. 
Huettner, H. F. 
Ingold, J. W. 
Kellner, D. C. 
Kennedy, O. A. 
Kennedy, P. V. 
Lofte, J. A. 

Lutz, W. J. 
Maehling, L. S. 
Magimi, P. F. 
McGinnesjs, J. E. 
McDonagle, A. 
McGuigan, L. A. 
McInto.«ih, F. C. 
McMunn, A. H. 
Miller, R. A. 

Nasa, A. F. 

Nicholla, F. 
Nordheimer, C, L. 
O'Neill, P, 

Oatcrle. W. H. 
Perina, A. K, 
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Reed, V. A. 
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Rockwell. T. F. 
Scanlon, E. S. 
Smyers, E, C. 

Speller, K. N. 
Stanger, R. B. 

Steen, J. M. 

Steggall, H. B, 
Stevenson, W. W. 
Strauch, P. C. 
Tennant, R, J, J. 
Tower, E. S. 

Waters, G. G. 
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PottsvHl©— 

Marty, E, 0. 

Smith. J. D, 
Reading- 
Luck, A. W. 
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Stalb, J, G, 

Rutladg#— 
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Bowers, R. C. 
Brown, W. H. 
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ShawIin.W. C. 
Spence, M. R. 
Spielmann, H. J. 
Swisher, S. G., Jr. 
Szekely, E. 
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